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Preface

My passion for and dedication to neurosurgery education throughout my career
have given me the opportunity to meet with many dedicated and brilliant neurosur-
geons around the world. This was accentuated during the past 4 years when I served
as the chair of the Education and Training Committee for the World Federation of
Neurosurgical Societies (WFNS), a nonprofit, non-governmental organization rep-
resenting 119 national neurosurgical societies worldwide. During this journey, I
recognized that the similarities of our neurosurgical experiences were far greater
than the differences. Regardless of the geographical context, the common goal of
the neurosurgeons I was working with was to better understand our field and, by so
doing, to better serve our patients. Scientific curiosity, deep dedication, incredible
work ethics, entrepreneurship, and creativity were common traits among neurosur-
geons around the world, and not the exception. Finally, I sensed a common theme
that transcended geographical boundaries: the desire to collaborate and exchange
ideas and experiences.

To continue the journey we started in the field, while setting up training course
and lectures, I envisioned creating a project that would bring us together and per-
haps could build a foundation for future collaboration, not just among ourselves but
with all the trainees we have in common. Therefore, I decided to create this book
with more than 150 authors spanning all 5 continents. I encouraged the lead author
of each chapter to find collaborators from each of the five continents. This had a
doubly positive net effect. First, the chapter is seen and rendered through multiple
lenses and therefore most likely to be more representative of reality. Second, the
opportunity to write together started or fostered continued collaborative efforts.

The book opens with an excursive on the role of neurosurgery in worldwide
health care. This chapter touches on disparities and proposes strategies and oppor-
tunities to overcome them. The history of neurosurgery is then briefly reviewed. The
many areas pioneered and developed by neurosurgeons are extraordinary. The over-
arching theme over the years was to develop new, more effective high-end solutions
for complex diseases and to provide access to neurosurgical services for all patients.

In developing the structure for this book, I had in mind the needs of several
groups of readers. The first group was those readers who question why neurosurgery
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should be part of global health. For that group, We created chapters to provide a
concise descriptive account of what neurosurgery is all about. In so doing, it became
evident that it was not going to be an easy task. Neurosurgery has expanded to cover
many sub-specialties. Additionally, it touches on other fields like disaster response,
ethics, quality, and safety of care.

The second group of readers to whom I have striven to cater are those who are
already familiar with the multifaceted aspects of neurosurgery but have a desire to
learn how future neurosurgeons are trained around the world. Current literature on
this topic is scant.

My third audience was those neurosurgeons who, like myself, focused on the art
and the science of medicine during medical school. Many have mastered technical
expertise, pushed the boundaries of discovery, and developed new treatment para-
digms. Yet, many were not given the tools to integrate the art and science with the
economic forces influencing our work. Hence, I designed the third part of the book
to highlight some of the economic aspects of neurosurgery.

This book was written when the COVID-19 pandemic first started. Without a
doubt, the pandemic has caused tremendous disruption in global neurosurgery. Yet
I believe it has also caused us to unite as a global community and to harness collec-
tive efforts for positive changes. Many of the lessons learned during this time have
contributed to our resilience and preparedness for the future; some of the changes
might even have pushed our neurosurgery boundaries to places where we wouldn’t
have been without it.

New York, NY, USA Isabelle M. Germano
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Part I
The Role of Neurosurgery
in Global Health

Isabelle M. Germano

Global health has been defined as the area of study, research, and practice that places
a priority on improving health by prevention and clinical care and achieving equity
in health for all people worldwide. The concept of global health is one that includes
all involved, as opposed to the term “international health” which usually excludes
one’s own country, is less inclusive, and possibly adds a connotation of paternalism/
colonialism. The main focus of global health has evolved over the years to include
not just infectious diseases, such as influenza, tuberculosis, yellow fever, cholera,
AIDS, and more recently Covid-19, but to include chronic diseases or conditions
such as obesity and diabetes that have become prominent global health issues as
well. Additionally, global health is taking into account issues that transcend borders
such as climate change, urbanization, health equity, social justice, and income dis-
parity, to mention a few. Global health also focuses on “public health” issues,
defined as the actions a community takes to ensure that members of that community
can remain healthy (prevention). A few examples of public health-related projects
include vaccination programs, fluoridation of drinking water, improved family plan-
ning, reduction in the rate of occupational injury, and greater motor vehicle safety.

Why should global health matter to everyone, everywhere? For some, improving
health globally is just “the right thing to do.” For others, improving global health is
important because it potentially leads to incredible worldwide economic growth.
Vaccination is a prime example of this. Before the Covid-19 pandemic, between
2010 and 2015, vaccines prevented at least 10 million deaths worldwide. The more
people who receive vaccinations, the less likely a disease will spread. As a global
community, if our neighbors do not have what they need to prevent and treat dis-
eases, it puts everyone at greater risk. The opposite is also true; when everyone can
access health care, we are all better able to combat diseases, which in turn increases
worldwide productivity.

Neurosurgery is among the youngest of the surgical disciplines. Although evi-
dence of skull trepanation dates back to over two million years ago [1, 2], it is not
until the late nineteenth century, when anesthesia, antisepsis, and hemostasis became
available, that our field expanded. It continues to expand. Recent technological
advances rapidly progress, to the point that inoperable tumors and pathologies once
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thought to be incurable are successfully managed and corrected by neurosurgeons.
Neurosurgery is considered a tertiary care specialty, meaning that patients being
treated require a high level of care that is dependent on highly specialized physicians
and equipment. In turn, this typically implies a higher financial cost to the hospital/
institution where the neurosurgery procedures occur and higher cost to the patient
receiving the care/their insurance intermediary. This assumption is only partially
true, as many basic neurosurgical procedures are life-saving procedures and do not
depend on equipment more sophisticated than some of the other surgeries.
Recognizing the importance of neurosurgery within the basics of global health has
propelled neurosurgery to become an active voice in global health in recent years.

In 2015, the Lancet Commission on Global Surgery provided global needs-based
evidence pushing global surgery into the field of global health [3, 4]. In this seminal
article, the dire need for global surgery is reviewed, showing the vast inequities
present in global access to safe, affordable quality surgery. This called for a global
response. Since then, projects and interventions have continued to expand and flour-
ish, with many innovative and impactful approaches developed worldwide, some of
which include neurosurgery. The focus of neurosurgery within global health is that
of prioritizing improving the health outcomes and achieving health equity world-
wide for all people who are affected by neurosurgical conditions or have a need for
neurosurgical care.

This Part of the book provides a thorough understanding of the role of neurosur-
gery in global health in each of the subspecialties. Over 27 million people are esti-
mated to sustain traumatic brain injury (TBI) every year. Chapter 3 highlights
specific issues faced in low-resource settings and proposes strategies on how this
can be resolved, including an exciting new methodology to improve care for patients
suffering from TBI.

Chapter 4 highlights the importance of pediatric neurosurgery in providing ser-
vices to the children of the world. Current projections show that the global popula-
tion will be 8 billion by 2025 and the next billion global inhabitants will still be
children by then. Over 90% of them will be born in low and intermediate income
(LMIC). Better quality neurosurgical care to pediatric patients can be provided
through the rapid advances in technology and surgical techniques.

The burden of cerebrovascular diseases (CVD) continues to rise in
LMIC. Eighty percent of all CVD-related deaths occur in LMIC, yet the amount of
global health spending on noncommunicable disease prevention and treat-
ment remains disproportionately low when compared to the global burden of these
diseases. Chapter 5 reviews how the field of cerebral vascular neurosurgery has
evolved over recent years to position neurosurgery as a key player for the
care of CVD.

Over the past decade, neurosurgical oncology has made strides on each of the
five continents. With an aging population and worldwide increased quality of
healthcare delivery and resources, the burden of oncological diseases, including
those affecting the brain and spine, is projected to increase over the next two
decades. Chapter 6 develops concepts of the epidemiology of brain tumors and the
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current cross-collaboration of national and international neurosurgical organiza-
tions focusing on these diseases to improve the field.

Whereas the vast majority of spine disorders do not require surgical intervention,
surgical intervention, when indicated, can prevent lifelong disability. Patient selec-
tion is a key element in this field in ensuring a successful neurosurgical outcome.
Chapter 7 reviews the role of spine neurosurgeons worldwide to create education for
patients and physicians aimed at improving outcomes for patients with spine
disorders.

Disability caused by tremor, epilepsy, depression, and central pain accounts for
more worldwide disability than cancer, heart disease, or HIV-related disorders.
Functional neurosurgeons address these important neurological diseases using pre-
cision surgery and novel technologies to restore network disorders. Chapter 8
reviews the past and present of this multifaceted subspecialty within neurosurgery
and provides exciting views on its future directions.

Both natural and man-made mass casualty events, known as disasters, result in
hundreds of thousands of deaths each year. Neurosurgery can play an important role
in the humanitarian response to mass casualty disasters. Chapter 9 reviews the criti-
cal role of neurosurgeons in disaster response. This is primarily focused on head and
spine trauma; however, it expands to other aspects as well.

Poorly coordinated efforts in healthcare delivery and medical errors contribute to
increased patient mortality, decreased patient satisfaction, and increased cost in all
medical fields including neurosurgery. With its complex nature, neurosurgery is
deeply associated with a very slim margin for error and a very high potential for life
adverse events. Chapter 10 reviews the key facts on safety and their impact on medi-
cal care within neurosurgery, including future opportunities to further enhance qual-
ity and safety of neurosurgery patients worldwide.

Medical ethics is a fundamental element at the core of our daily medical practice,
regardless of our specialty and/or where we practice in the world. Chapter 11 high-
lights some of the ethical considerations common to all neurosurgeons worldwide.
These include the concept of mental capacity, and the fine line between innovation,
clinical research, conflict of interest and the many other gray areas present in the
bioethical landscape.

Over the past century, neurosurgery has made significant progress in each of the
subspecialties that today allow us to provide care for a broader number of neurologi-
cal disorders worldwide. Chapter 12 reviews efforts necessary to further raise the
standard of neurosurgical care across the globe. These include not only volun-
teerism, but also creating sustainable, self-sufficient, neurosurgical global
infrastructures.

In conclusion, our field spans an incredibly wide range of techniques and tech-
nologies focused on caring for an expanding number of patients with neurological
and other disorders currently accounting for a large burden of global diseases.
Neurosurgeons remain passionate about their work. We envision that the increased
desire to collaborate and to build infrastructure to care for patients with neurological
disorders will result in improved care worldwide.
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The Role of Neurosurgery in Worldwide
Health Care and Its Disparities:

An Overview

Franco Servadei and Ismail Zaed

Abbreviations

HIC High-income country

ICP Intracranial pressure

LMIC  Low- or middle-income country

RCT Randomized clinical trial

RTA Road traffic accidents

SCI Spinal cord injury

TBI Traumatic brain injury

WENS  World Federation of Neurosurgical Societies

Neurosurgery is a relatively new branch of surgery that became an independent
specialty in the large majority of countries only after World War II. Despite being a
specialty field within surgery that cares for a relatively small percentage of patients,
neurosurgery plays an important role globally in reducing the overall burden of
diseases. This is particularly true in countries with limited resources, also known as
low-and middle-income countries (LMICs).

Neurosurgery is increasingly important in global health because, when both neu-
rosurgical and anesthesiology services are available, a significant number of com-
mon conditions can be effectively treated or eliminated by neurosurgical
interventions (Table 1.1). For example, traumatic brain injury (TBI) has been
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Table 1.1 The impact of neurosurgical interventions on health care

Neurosurgical intervention | Health-care impact

Traumatic brain injury TBI is the first cause of death and disability in multi-trauma patient

(TBI)

Spinal cord injury (SCI) SCI remains the first cause of long-term disability in the young
population

Pediatric neurosurgery In 40 African countries where over 50% of the population is below

the age of 20 years, many curable diseases in children are related
to our specialty

Brain tumors A large part of intracranial tumors are benign and can be cured by
surgery

Cerebrovascular (CV) CV diseases remain a top cause of death worldwide and can be

diseases treated minimally invasively

Movement/psychiatric They are increasingly recognized as major causes of death and

disorders and epilepsy disability worldwide and can be treated minimally invasively

Degenerative spine They are increasingly recognized as major causes of disability

conditions worldwide and can be treated by neurosurgeons

reported to be the primary cause of death and disability in any multi-trauma patient.
Spinal cord injuries (SCIs) remain the first cause of long-term disability in the
young population, significantly impacting the national workforce. Spinal cord
tumors and most of the other spine degenerative diseases are cared for by neurosur-
geons all over the world. A large proportion of intracranial tumors are benign and
can be cured with an appropriate surgical treatment. Finally, it is important to note
that in 40 African countries, where over 50% of the population is below the age of
20 years [1], many curable diseases in children such as hydrocephalus, spina bifida,
and myelomeningocele are successfully treated by neurosurgeons.

Neurosurgery has recently benefited from a general technological improvement
that increased the armamentarium of neurosurgical options for the treatment of dis-
eases. One example is the use of endoscopy for skull base tumors and stereotactic
radiosurgery. Another is vascular neurosurgery that has made enormous scientific
and technological progress; in collaboration with endovascular physicians, inter-
ventions are minimally invasive and provide successful outcomes. Functional neu-
rosurgery has expanded its boundaries to play a primary role in the treatment of
what were once considered to be classical “neurological” and “psychiatric” dis-
eases, such as extrapyramidal disorders and obsessive-compulsive disorder.

According to a recent study about the neurosurgical workforce around the globe,
there are currently around 50,000 neurosurgeons in the workforce. Their distribu-
tion among the world population is not homogeneous. In the majority of high-
income countries (HICs), such as the USA, Canada, Australia, Japan, and Western
European countries, the current ratio is 1 neurosurgeon per 100,000 inhabitants.
However, in other parts of the world, particularly in Africa and Southeast Asia, there
is a drastic lack of neurosurgical workforce, which results in the absence of urgently
needed neurosurgical procedures [2]. Recent data show that globally approximately
5 billion people lack access to surgical care of any kind, leading to an estimated
16.9 million deaths annually that could potentially have been avoided [1]. These
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disparities are particularly concentrated in LMICs, where nine out of ten people
cannot access even the most basic surgical care [1].

Modern medicine is based on high-quality papers that generate evidence-based
guidelines for everyday clinical activities. In this context, randomized clinical trials
(RCTs) are critically important, since they provide the highest level of scientific
evidence in clinical settings. Unfortunately, less than 9% of all RCTs in neurosur-
gery were performed in LMICs [3]. The situation is self-explanatory when RCTs
focused on neurotrauma are considered. There are currently two published RCTs on
the topic of cranial decompression. In the DECRA study, all of the patients were
from HICs [4]. Similarly, in the RESCUE ICP study, about 91% of patients were
from HICs [5]. Yet, the majority of TBI occur in LMICs, not in HICs, raising the
question that such RCTs are not representative of and/or applicable to the global
burden of TBI disease. There is disparity between countries with a high burden of
TBI and those in which most of the research is conducted [6]. In the two RCTs
mentioned above, the improvement in clinical outcomes observed in the surgical
patients between 6 and 12 months after injury [4, 5] is most likely due to improve-
ment in perioperative management of long-term complications. These include
hydrocephalus, cranioplasty, sepsis, and a longer period of intensive rehabilitation.
How many countries in the world have the appropriate infrastructure and/or the
financial means to afford this?

Furthermore, these and other RCTs have generated evidence-based guidelines
[7] which cannot be applied in many countries because of the absence of available
resources. As an alternate approach, there is another process that can allow the so-
called practical suggestions such as the consensus conference method. In this case,
we can include in the process of consensus even non-class I or II papers coming
from areas of the world where trauma is an endemic disease. We can also include
experts from Africa, Southeast Asia, and Central America [8].

If we examine the publication input from LMICs, we can see how less than 5%
of published papers in the neurosurgical literature come from these countries [9].
More specifically, in traumatic brain injury (TBI), almost 80% of published papers
come from the USA and Europe [6], and similar data are reported in spinal cord
injury [10]. In the same papers, it is reported that there is an inverse relationship
between publications and the incidence of both head and spine trauma. This results
in a paradoxical scenario, where we have very few scientific publications from the
countries in which trauma is an endemic disease, whereas in countries where the
incidence of trauma is decreasing, we have most of the published papers. This sci-
entific gap is also increased by the important clinical differences in patient cohorts:
whereas, in the “Western” countries such as Europe, the mean age of patients is over
60 years and the main cause of trauma is falls at home [11], in LMIC, patients are
much younger, and the main cause of TBI is road traffic accidents (RTA) [12]. This
difference is also reflected by the frequency and the diversity of post-traumatic
hematomas: in Europe and the USA, patients experience mostly brain contusions
and chronic subdural hematomas, whereas in LMICs, they typically sustain acute
epidural and subdural hematomas. Besides all these differences, it should be pointed
out that the large majority of state-of-the-art monitoring devices, like microdialysis,
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pO2, and intracranial pressure (ICP), are not easily accessible in those countries.
Given all these documented differences, how can we believe that the same sugges-
tions for management can be applied everywhere?

Is it possible to improve this situation and decrease these disparities? Yes, but it
will take concerted efforts consistently made on a number of fronts. First, we know
it is possible to improve the number of neurosurgeons in areas with a limited work-
force because of success we have already witnessed in some LMICs. Through a
passion for training engendered by the World Federation of Neurosurgical Societies
(WENS) initiatives and by the increasing number of training programs in many
universities, the number of neurosurgeons in sub-Saharan Africa increased five
times over 18 years (79 in 1998, 369 in 2016), and the ratio decreased from one
neurosurgeon/eight million (1998) to one neurosurgeon/two million (2018) [13].

In order to improve access and decrease disparities, we must also meet the equip-
ment needs of LMIC neurosurgeons. Recent surveys [14, 15] have shown that there
is a clear lack of diagnostic devices and surgical instruments (microscope, endo-
scope, neuro-navigation) in most parts of Africa and Southeast Asia. For example,
MRI is available in only 30 to 60% of hospitals. A recent paper demonstrated that the
delivery of surgical instruments in these countries is effective and improves patient
outcomes [16]. We clearly have to improve this experience and can do so by dramati-
cally increasing donations of instruments even from non-profit organizations.

In order to reduce disparities, we must also increase the number of publications
in countries with limited facilities. A recent survey showed that one of the top priori-
ties for young neurosurgeons in LMICs is clinical research and publications [17].
There are many examples of collaborations resulting in clinical research and surgi-
cal help between Western universities and LMIC institutions in neurosurgery. The
list includes Tanzania and Cornell University, USA [18]; Uganda and Duke
University, USA [19]; Cambodia and Harvard University, USA [20]; Indonesia and
Humanitas University, Italy, and Cambridge University, UK [9]; and Zanzibar and
Valencia University, Spain [21]. The good news is that these represent only very few
examples of a large number of “twin” institutions’ collaborations. In addition, the
recently completed RESCUE-ASDH (Randomised Evaluation of Surgery with
Craniectomy for patients Undergoing Evacuation of Acute SubDural Haematoma)
study [22] included LMIC centers in its randomized clinical studies. Even more
important, neurosurgeons from these countries (including India, Malaysia, and
Hong Kong) were included in well-organized consensus conferences which resulted
in important practical recommendations recently done by the University of
Cambridge and by the WENS [8].

It is also critical that we explore and maximize the use of low-cost devices for
advanced surgical approaches in countries with limited resources. The Malawi and
the Chhabra shunts developed for the treatment of hydrocephalus are two examples
of low-cost devices. Dr. Benjamin Warf has reported the success of endoscopic third
ventriculostomy in Ugandan children with hydrocephalus, limiting the usage of the
ventriculoperitoneal shunt [23, 24]. Even awake surgery for brain tumors has been
shown to be feasible in poor-resource settings [25] as well as endoscopic approaches
both for hydrocephalus and skull base tumors [26].
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The arrival of the worldwide COVID-19 pandemic has severely stressed global
health-care delivery and has starkly demonstrated the public health inequities that
we all knew existed but often have largely ignored. It has sparked an unprecedented
need to share information worldwide. This need to collaborate and share informa-
tion, and even equipment, is critically important in neurosurgery.

The COVID-19 pandemic has shown globally how far we were from reality
at the outset. The first mistake made by every single country and continent is
that we all believed “We are different.” We told ourselves “China is far away.
COVID-19 will never cross oceans, we will protect ourselves; we are clever and
prepared enough.” WRONG! We told ourselves “The Italians have bad patient
care and the population is old; therefore our mortality (in Spain, France,
Belgium, UK) will never be like them.” WRONG again: the mortality has been
similar, if not higher. We said “We (in the USA, Brazil, Sweden) do not need to
lock down; we are more clever. We will wait for mass immunization.” WRONG!
As we learned more about SARS-CoV-2, the pandemic experts in these coun-
tries all changed their minds. We told ourselves that the second wave will never
arrive. Our current global situation shows how wrong we were about that
assumption! Despite the development and distribution of vaccines, we remain in
serious trouble worldwide, thanks in large part to individuals’ resistance to
common sense prevention methods such as masks and social distancing, to the
development of viral variants, to governments lessening restrictions, and to gen-
eral “COVID fatigue.”

We also mistakenly told ourselves that neurosurgery will be preserved at any
time, that we are indispensible for a large number of patients. Again we were
WRONG. Our experience in Italy is such that in the most affected areas, like the city
of Bergamo, for several weeks, neurosurgery was shut down and all neurosurgeons
were sent to provide general care to COVID-19 patients [27].

Therefore, we have quickly reorganized patient evaluation and care to preserve
at least some emergency activity [28]. The same situation happened in many other
countries where the neurosurgical units were simply swept away by the COVID-19
tsunami. Surgical indications changed greatly overall. As an example, most of our
non-tumoral and non-traumatic spine surgery disappeared from our operating lists,
and even tumor surgery was re-formatted in this period [28, 29].

But we believe there are also positive messages from this disaster. We realized
that we are NOT a separate body. Instead we are reminded we are doctors before
becoming neurosurgeons. We learned how to deal with oxygen masks, how to intu-
bate patients, and how to treat them properly. We showed that we are also able to
quickly reorganize our services to provide neurosurgical emergency care with
humility and a spirit of service in these difficult times [27]. We also found many
ways of communicating without large or small meetings. We activated and became
adept with webinars, teleconferences, etc. One positive effect was that many young
neurosurgeons who could never travel to other continents for congresses are now
exposed to the best possible teaching [29, 30]. We can and must continue to use
these innovative communication methods to improve neurosurgery information
access worldwide.
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In conclusion, neurosurgery is a life-saving branch of surgery and an important
part of neurosciences. To reach efficacy on a worldwide basis, we need strategies to
reduce disparities between countries with more and countries with fewer resources.
The COVID pandemic has taught us how to collaborate and how to find common
solutions to a tremendous task. If we use the lessons learned, we can continue to
make global progress to ensure increased access to safe and effective neurosurgery
interventions in LMICs.
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Chapter 2
Historical Perspective: The History
of Neurosurgery

Madjid Samii

Neurosurgery made a fascinating advancement in the last century. Its historical
development, however, was somewhat slower than that of other surgical specialties
due to the complexity of the central nervous system. Initial attempts to treat brain
disease surgically have been related to high morbidity and mortality. Only the better
understanding of brain structure and function localization and the introduction of
antisepsis, anesthesia, and hemostasis at the end of the nineteenth century led to
increased interest and rapid advancement in the field. The other line of development
of neurosurgery was to distribute the acquired knowledge and make this highly
specialized care available to all patients around the world.

Many prominent surgeons contributed to this advancement despite the initial
rather frustrating results. Victor Horsley is considered the founder of modern neuro-
logical surgery. Fedor Krause was the first to study human cerebral cortex in detail
and developed new operative approaches. Harvey Cushing — considered as the
“father of modern neurosurgery” — contributed both with the introduction of new
techniques and approaches, such as the application of silver clip and suction, but
also laid the conceptual basis of neuro-oncology. The progress of neurosurgery was
dependent to a large extent on and was influenced by the discoveries in allied fields
[1]. The discovery of the X-rays by Wilhelm Roentgen in 1895 had a major impact
in medicine. In 1901, Oppenheim applied the new technique to the skull (cranial
rentgenology), and in 1918, Walter Dandy introduced the air ventriculography. The
cerebral angiography, introduced by Moniz in the 1920s, allowed for more precise
diagnosis and preoperative visualization of the pathological lesions in the brain,
which was a prerequisite for more accurate planning of surgeries that did not rely
anymore only on the symptoms of the patient. Still, the information from these stud-
ies only indirectly presented the brain tumors or lesions.
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The modern era in neurosurgery began with the establishing of micro-
neurosurgery and the introduction of more elaborate imaging tools. Microsurgical
instruments and techniques and the operating microscope were introduced in the
late 1950s and 1960s by a relatively small group of pioneering neurosurgeons.
Jacobson and Donaghy were the first to use it in the lab and recommended it for use
in the operating theater. Theodore Kurze (1957) is considered the first neurosurgeon
to use the microscope in the operating room. W. House observed H. Wullstein in
Germany operating otosclerosis with a microscope and later utilized the microsurgi-
cal techniques to approach acoustic neurinomas. Due to the efforts and contribu-
tions of L. Malis, G. Yasargil, C. Drake, M. Samii, and others in the 1960s,
micro-neurosurgery became the standard of care in modern neurosurgery in the
following decade. Many operative procedures already described or even abandoned
previously were reviewed or modified with the help of microsurgery. Exemplary is
the rediscovery of transsphenoidal surgery for pituitary adenomas that was almost
completely abandoned by neurosurgeons after Cushing due to the deep, dark, and
frequently blood-filled surgical field. It experienced a rebirth after the introduction
of the surgical microscope [2].

Peripheral nerve surgery profited tremendously from the application of operating
microscope and in itself stimulated the refining and acceptance of microsurgery.

The microsurgical revolution was enhanced greatly by the introduction of imag-
ing methods that directly presented the brain lesions and the normal cranial and
brain structures: the CT scan in 1972 by G. Hounsfield and the MRI by PC Lauterbur
in the 1980s.

All these achievements decreased surgical morbidity and allowed for a paradigm
change in neurosurgery. Neurosurgery did not aim simply on life preservation and
prolongation anymore but rather on preservation of neurological functions. Surgeries
became possible even in difficult and functionally important brain areas. The
improved knowledge of microanatomy and the utilization of microsurgical tech-
nique allowed approaching and removing safely even deep-seated tumors via natu-
ral spaces or “anatomical corridors.” Tumors in areas considered inaccessible or “no
man’s land” in the past could be accessed and removed. Radical and safe removal of
complex tumors, such as acoustic neurinomas and skull base meningiomas, became
feasible with low morbidity, almost no mortality, and good functional outcome. The
progress of neuro-anesthesia and neuro-intensive care, as well as of neuro-
rehabilitation, was the basis for optimizing the outcome of surgeries and severe
brain trauma.

The progress in neurosciences and technology influenced directly and quickly
many areas of neurosurgery. Glioma surgery profited from the introduction in the
clinical practice of brain mapping methods allowing for individualized approach to
each patient, considering the tumor location and particular brain organization. Brain
mapping techniques are based either on electrophysiological methods that are
applied during surgery or on preoperative and intraoperative imaging methods.
Modern neuroimaging allows for precise diagnosis of the tumor, including its meta-
bolic and molecular characteristics. On the other hand, it demonstrates the structure
and organization of the surrounding normal brain, including the functional eloquent
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cortical areas (functional MRI) and its connecting fibers (DTI-based tractography).
Neuronavigation became a routinely used tool, which allows for precise planning of
surgery and implementing this plan during surgery, minimizing the risk to eloquent
structures. The implementation of intraoperative imaging technology reduced the
morbidity and increased the effectiveness of the surgeries even further.

A characteristic feature of neurosurgery is its close and open collaboration with
related medical specialties, thus promoting the advancement and creation of new
concepts and methods of treatment. Exemplary for that is the history of skull base
surgery since the 1970s. The lesions of the skull base have been an area of interest
to several surgical disciplines, each developing its own management forms and con-
cepts but also limitations. The novel idea of skull base surgery was the interdisci-
plinary cooperation in order to overcome the limitations of the existing disciplines
(M Samii, W Draf: Surgery of the Skull Base: An Interdisciplinary Approach) [3].

The search of safer therapeutic methods that would further decrease the morbid-
ity and the close cooperation between neurosurgery and neuroimaging led to the
origin of neuro-endovascular surgery or interventional neuroradiology. This
catheter-based technique for endovascular diagnosis and treatment is now the most
commonly practiced therapeutic approach for many vascular conditions affecting
the brain and spinal cord, such as aneurysms and AVMs, as well as highly vascular-
ized tumors (e.g., glomus jugulare tumors) [4].

Despite these major advances, some tumors cannot be healed by surgery alone.
In the 1960s, Lars Leksell developed the Gamma Knife to treat intracranial lesions
in a noninvasive fashion, creating the field of stereotactic radiosurgery [5].
Radiosurgery is a treatment method based on the delivery of high doses of radiation,
stereotactically directed to an intracranial region of interest. It is utilized with
increasing frequency around the world to treat “nonsurgical” tumors or tumor rem-
nants, such as cavernous sinus meningiomas, or in case radical surgery for some
tumor is not possible.

The refinement of stereotactic methods, in particular the precise access to deep
brain regions, formed the basis of functional neurosurgery, which is among the most
significant advances in neurosurgery. It expanded the role of neurosurgery for man-
agement of diseases that have not been traditionally considered as “neurosurgical.”
The initial destructive techniques have been supplemented by stimulation methods
(implantation of stimulating electrodes in the target area). The pioneers of this new
development were Siegfried and Benabid [6, 7]. Deep brain stimulation is effective
in the treatment of Parkinson’s disease, as well as other movement disorders —
essential tremor and dystonia — obsessive-compulsive disorders, chronic pain, and
epilepsy. Meanwhile, it has been applied in approximately 160,000 patients around
the world. Its potential role in the management of other psychiatric conditions, such
as addictions or Alzheimer disease, is under investigation [8].

Spine surgery developed parallel to that of brain surgery and profited enormously
from the introduction of the new imaging methods — CT and MRI — that allowed
precise diagnosis and correlation of the findings to the patient’s symptoms. Thus,
spinal and spinal cord procedures could be individually targeted to the needs of each
patient, avoiding unnecessary extensive surgeries. Spinal fixation techniques were
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developed in the early twentieth century and revolutionized the care of millions of
patients with unstable traumatic or other lesions causing instability. Their manage-
ment previously was centered on prolonged immobilization using bed rest, traction,
and bracing and was frequently ineffective. New techniques for spinal stabilization
and instrumentation; the elaboration of new approaches, allowing safe access to
every part of the spine; and the introduction of minimally invasive techniques trans-
formed spine surgery [9, 10]. With the introduction of MRI in spine pathologies and
of microsurgical techniques, the management of intramedullary tumors has been
revolutionized. Multilevel laminectomies causing postoperative spinal deformity
were replaced by the laminotomy technique, which prevents such complications.

Characteristic feature of neurosurgery is that it deals with some conditions that
very frequently affect people all over the world, such as neurotrauma, but also with
some rare and complex diseases. Modern neurosurgery was developed and could be
practiced initially only in highly specialized medical centers in some developed
countries, which limited the access of the patient. Major challenge has been how to
open the access to modern neurosurgical care worldwide. Crucial in this regard over
the past century was the foundation of neurosurgical organizations around the world
and their close cooperation. Few countries founded the WENS in 1955, the first
president was Jefferson, and the first WENS Congress was held in 1957 in Brussels
(Congress president — Prof. A. Walder). WENS initiated world congresses every
4 years in order to gather together neurosurgeons for scientific exchange. Since the
1970s, WENS started organizing neurosurgical training courses in less developed
countries. The WFNS Foundation was founded in 1998 with the goal to strengthen
the education (founder and first president, M. Samii). The support of the foundation
allowed neurosurgical training of many young doctors. Parallel to that, the WFNS
organized a broad educational program, which was supported by many neurosur-
geons, members of the education committee, to further spread the knowledge.

On the other hand, instrumental for this development was the individual dedica-
tion of some outstanding neurosurgeons who throughout their career personally
travelled and trained neurosurgeons from all parts of the world. In the 1990s, there
were only 500 neurosurgeons practicing in whole Africa (1 neurosurgeon for
1,350,000 inhabitants overall and 1 neurosurgeon for 6,368,000 inhabitants in sub-
Saharan Africa, compared to 1/121,000 in Europe and 1/81,000 in North America)
[11]. Despite all attempts and positive trends, the sub-Saharan region continues to
suffer from a lack of both qualified personnel and well-equipped neurosurgical
facilities.

The Project “Africa 100” was planned in order to educate rapidly and without
bureaucracy young doctors from countries with few or without neurosurgeons. The
past experience has showed that almost all neurosurgeons after their training
remained in Europe or America due to lack of infrastructure in their home countries.
Therefore, the Project Africa 100 decided to organize the education in North Africa
in order to prevent brain drain but also to assure a brain gain for Africa. The pioneer
work for the education was in Rabat under the guidance of El Khamlichi. Meanwhile,
many young doctors completed their training in Rabat and started to work back in
their countries. Despite all attempts and positive trends, the sub-Saharan region
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continues to suffer from a lack of both qualified personnel and well-equipped neu-
rosurgical facilities. Hence, it remains a big challenge for global NS to pursue
reaching a minimum of NS standards in all countries in the world.

These two trends’ challenges — to develop new more effective high-end solutions

for complex diseases and to provide access to good neurosurgical service for all
patients — will certainly continue to define the future of our specialty.
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Chapter 3 )
The Role of Neurosurgery in Global Health <o
Head Trauma

David Clark, Jebet Beverly Cheserem, Indira Devi Bhagavatula,
Anthony Figaji, and Peter Hutchinson

Brief Historical Background

Evidence of head trauma has been discovered in South Africa in skulls of
Australopithecus africanus, a hominid precursor to Homo sapiens, from as far
back as over 2 million years ago [1]. Trepanation during life (the earliest forerun-
ner of modern craniotomies performed by neurosurgeons as well as perhaps the
oldest medical procedure) has been discovered in skeletons dating back to around
7000 BC [2], although the largest and most extensively studied group of trephined
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skulls from any period in any region comes from Peru and Bolivia [3].
Anthropologists postulate that many of the trepanations from this region in South
America were performed to treat head trauma, based on the frequency of adjacent
skull fractures, male specimens and left-sided injuries (presumably from right-
handed assailants) [4]. Mortality following these procedures was surprisingly low
and appeared to decrease over time suggesting successive generations of these
early surgeons were able to improve their practice considerably, with long-term
survival rates reaching 78% by the time of the Incas [4]. The earliest written evi-
dence of head injuries can be found in the Edwin Smith Papyrus, an ancient
Egyptian surgical treatise thought to have been originally written around 3000 BC,
which describes 48 patient presentations, of which 27 relate to different types of
head injury [5]. In ancient Greece, Hippocrates (460-370 BC) — widely consid-
ered the “father of medicine” — also published his own treatise on the management
of head injuries [6]. From these early pioneers to recent times, gradual progress in
the understanding, diagnosis and management of head trauma has occurred over
the centuries.

Significant advances in the management of head injury were made in the
twentieth century, particularly for those patients with the most severe injuries.
A systematic review of the case fatality of severe traumatic brain injury (TBI)
[defined as Glasgow Coma Scale (GCS) 3-8] between 1885 and 2010 indicated
that the most significant decrease in mortality was observed between 1970 and
1990 [7]. The authors attribute this dramatic drop to the introduction of intra-
cranial pressure (ICP) monitoring and CT scanning. The measurement of ICP
was first performed by Guillaume and Janny in 1951 [8], but it was the work of
Nils Lundberg in 1960 that set the groundwork for the development of modern-
day continuous monitoring of ICP at the bedside [9]. The development of CT
scanning in 1971 [10], for which Hounsfield, a British electrical engineer, and
Cormack, a South African physicist, were awarded the 1979 Nobel Prize, rap-
idly went on to revolutionise TBI care. The CT scan superseded existing
modalities for making acute treatment decisions for traumatic intracranial
pathology including skull radiographs, ventriculography and angiography
[11, 12] as well as the practise of exploratory surgery for patients in whom
transtentorial herniation was suspected [12]. The description of the original
14-point Glasgow Coma Scale (GCS) by Jennett and Teasdale in 1974 (updated
to its modern-day, 15-point format in 1976) was another milestone in the man-
agement of head trauma. The GCS brought consistency to the recording of
conscious levels in TBI between assessments and clinicians and is now used by
neurosurgeons worldwide in both clinical practice and research [13, 14].
Similarly, the Glasgow Outcome Scale (GOS) was created in 1975 as a means
of assessing overall functional outcome following TBI [15]. Following these
monumental efforts to better understand the pathophysiology and natural his-
tory of traumatic intracranial injuries, the final few decades of the twentieth
century were characterised by increasing recognition of the importance of pre-
venting secondary brain injury in the treatment of severe TBI, including
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seminal studies on the deleterious effects of hypoxia [16, 17] and hypotension
[16, 17] as well as the benefit conferred by prompt evacuation of intracranial
extra-axial haematomas to reduce ICP [18-20].

Traumatic Brain Injury (TBI): Current Status

The Global Burden of Disease study recently estimated that 27 million new TBI
cases occurred in 2016 [21]. Although reliable data on the total number of deaths
due to TBI worldwide is not available, evidence from autopsy studies suggests TBI
is likely to account for many of the estimated five million deaths that occur due to
injuries worldwide annually [22-24]. Approximately 90% of these trauma-related
deaths are thought to occur in low- and middle-income countries (LMICs) [22].
Moreover, a post hoc analysis of the Corticosteroid Randomisation After Significant
Head Injury (CRASH) trial found that mortality following severe TBI, the patient
subpopulation with the worst prognosis, was higher in LMICs than high-income
countries [25]. Similarly, a systematic review by Georgoff et al. showed that between
1975 and 2010, the case fatality ratio of severe TBI in the literature was higher in
developing nations and, although survival was improving across the globe, it was
doing so at a slower rate in developing nations [26]. It has been estimated that
21-38% of the burden of disease due to all injury globally (1-2 million fatalities
each year and 52 million disability-adjusted life years) could be averted if the mor-
tality following all trauma in LMICs was similar to that in high-income countries
[27, 28]. In this section, we will discuss the progress that has been made in reducing
the burden of disease due to TBI worldwide across the entire spectrum of interven-
tions from prevention through to pre-hospital and in-hospital care and finally reha-
bilitation. Table 3.1 lists examples of key strategies that have been implemented to
reduce burden of disease due to TBI for each phase of care.

Table 3.1 Key strategies implemented to reduce the TBI disease burden

Current status: what was accomplished until present

Phase of care | Examples

Prevention Helmet legislation for motorcycles and bicycles
ThinkFirst programme

Pre-hospital Training lay first responders
care

Neuroimaging | Increasing the number and upkeep of CT scanners

Critical care Guidelines for severe TBI tailored to resources available (including monitoring
and medications)

Surgery Training neurosurgeons and delegating emergency neurotrauma procedures to
appropriately trained general surgeons

Rehabilitation | Sharing of tasks with primary healthcare personnel and families
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Prevention

The neurosurgical community has had a significant role to play in the recognition of
the importance of the primary prevention of head trauma. Hugh Cairns, a British
military neurosurgeon, observed that over 2000 motorcyclists and pillion passen-
gers were killed in Britain in the first 21 months of World War II, that the majority
of these deaths were due to head injuries and that wearing a helmet seemed to
reduce the severity of injuries sustained [29]. On the basis of this evidence, Cairns
submitted a report to the Director-General of the Army Medical Services and the
Military Personnel Research Committee of the Medical Research Council and per-
suaded the Army to make wearing helmets mandatory while riding motorcycles in
1941. A dramatic fall in motorcycle-related deaths amongst army personnel was
subsequently observed, leading Cairns to propose that helmets should also be
adopted by civilian motorcyclists to reduce fatalities [30].

Since then, the use of helmets has become widespread in many regions and evi-
dence from systematic reviews in recent decades indicates that helmets reduce head
injuries [31, 32] and deaths in motorcyclists [32]. Moreover, helmeted cyclists have
a lower risk of intracranial injury [33]. Evidence from population-based studies
indicates that implementation of motorcycle helmet laws is associated with a reduc-
tion in deaths due to head injuries [34, 35] and, conversely, repealing these laws is
associated with an increase in deaths [35]. Similarly, helmets have been shown to
reduce head injuries in bicyclists [31], and bicycle helmet legislation prevents head
injuries in bicyclists [36].

Efforts to prevent head injuries in motorcyclists are particularly important in
LMIC. The 2013 WHO Global Status Report on Road Safety reports that one third
of all road traffic deaths in the South-East Asian and Western Pacific regions involve
motorcyclists and head injuries account for up to 88% of fatalities in motorcyclists
in some LMICs [37]. Ninety countries, comprising 77% of the world’s population,
have a comprehensive helmet law, but only one third of countries rate enforcement
of helmet laws as good [38]. Nevertheless, evidence exists to suggest correctly
implemented and enforced helmet legislation can be effective at preventing head
injuries in LMIC. In Vietnam, a review of all road traffic injury patients with head
injuries admitted to 20 hospitals 3 months before and after the introduction of a
compulsory helmet law nationally observed a 16% reduction in the risk of road traf-
fic head injuries [39].

The primary prevention of head trauma is broader than the promotion of helmet
usage only. In response to concerns about the national burden of disease due to TBI
and traumatic spinal cord injury (tSCI), the American Association of Neurological
Surgeons (AANS) and the Congress of Neurological Surgeons (CNS) created the
National Head and Spinal Cord Injury Prevention Program in 1986 [40]. The pro-
gramme was subsequently renamed the ThinkFirst National Injury Prevention
Foundation and aims to prevent neurotrauma in young people due to road traffic
accidents, violence and falls through a mixture of educational primary prevention
programmes delivered by chapters in the United States and internationally [41].
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These programmes explain the causes and effects of neurotrauma as well as its pre-
vention and are delivered by injury prevention educators alongside individuals who
have previously experienced a TBI or tSCI. Evaluations of the interventions have
shown that participants’ self-reported knowledge improves after attendance, and
one study even demonstrated a decrease in the proportion of paediatric trauma
admissions involving head and spine injuries after the delivery of the ThinkFirst
programme [41].

Pre-Hospital Care

A systematic review published in 2012 by Henry et al. indicated a 25% decreased
risk of dying from trauma in areas with pre-hospital trauma systems compared to
those without [42]. Pre-hospital hypoxia and hypotension are both poor prognostic
indicators in severe TBI [16], and the introduction of effective pre-hospital care has
been associated with better odds of a favourable outcome for these patients [43].
However, only 59 out of 195 countries (30%) have ambulance services with the
capacity to transfer at least 75% of seriously injured patients to hospital [37].
Similarly, a survey of pre-hospital care in 13 LMICs found that a significant propor-
tion of medical emergencies were transported to hospital by a commercial vehicle
(such as a taxi or minibus) or private vehicle rather than emergency medical services
[44]. A different survey of hospitals in LMICs caring for paediatric severe TBI
patients found significant limitations in capacity to provide essential supportive care
in the pre-hospital period, including airway support (62%), oxygen saturation moni-
toring (79%), oxygen administration (79%) and blood pressure measurement (50%)
[45]. The high burden of disease due to trauma in LMICs coupled with a scarcity of
pre-hospital resources has led to the development of innovative, cost-effective solu-
tions to improve outcomes. For example, a 5-year prospective study in North Iraq
and Cambodia found that training lay first responders in pre-hospital trauma care
resulted in a reduction in trauma deaths in those regions from 40% to 14.9% during
the study period [46]. Relatedly, the International Committee of the Red Cross’s
experience in conflict zones is that many patients with survivable head injuries die
because of inadequate control of the airway during transfer from the scene of injury
to the place of definitive care [47]. As such, the organisation’s policy was reformed
such that tracheotomies were performed in frontline field hospitals prior to evacua-
tion — this straightforward change in care resulted in mortality being halved.

Neuroimaging

Despite the significant benefits that access to CT scanning is recognised to offer in
acute TBI care [7, 11, 12], the Baseline Country Survey on Medical Devices by the
WHO conducted in 2013 indicated only 14% of the low-income countries included
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in the survey had at least one CT scanner per million people [48]. A prospective TBI
registry in a tertiary hospital in rural Tanzania found that 95% of severe TBI patients
needed but did not receive a head CT acutely [49]. To compound the problem, com-
petencies in diagnostic procedures that were used to guide head injury management
in the pre-CT era, such as ventriculography and angiography, are no longer gener-
ally considered essential requirements for trainees in neurosurgery, radiology or
neurology anywhere in the world. Exploratory burr holes are occasionally still car-
ried out in certain low-resource settings [50, 51], but their use is restricted to patients
with appropriate clinical signs in extremis. Improving access to emergency CT
scanning to diagnose traumatic intracranial injuries is likely to improve the outcome
of TBI considerably in low-resource settings.

Surgery

A significant number of patients require surgical care for TBI — a recent population-
based study in Taiwan found 7.4 per 100,000 persons received surgical treatment for
TBI in 2010 [52]. Moreover, Dewan et al. estimate that 45% of patients with an
indication for an essential neurosurgical operation worldwide have TBI [53]. The
burden is particularly great in LMICs, where it is estimated that approximately
4.5 million TBI cases need operative management every year [54]. Because of this
demand, the World Bank’s Disease Control Priorities report includes operative man-
agement for traumatic brain injury as one of the 44 surgical procedures considered
essential to be available on an emergency basis to all worldwide [55, 56]. Despite
this, access to neurosurgery remains extremely poor in some parts of the world —
Punchak et al. estimated only 25% of the population in sub-Saharan Africa have
access to neurosurgical care within a 2-h time window [57]. This is particularly
worrisome for the care of TBI patients, where the relationship between time to sur-
gery and outcome in patients with intracranial extra-axial haematomas is now well
established [18-20]. This lack of access can at least partially be explained by the
deficiency in trained neurosurgeons in those regions with the highest burden of dis-
ease. It has been estimated that 1 neurosurgeon performing TBI cases only is
required per 212,000 people in LMICs [54]. However, a recent survey of neurosur-
gical capacity in sub-Saharan Africa found a significant deficit in trained neurosur-
geons in the region — Ethiopia reported 1 neurosurgeon per 13,800,000 people [58].
Another survey conducted in 2016 and 2017 found that 33 countries worldwide had
no neurosurgeon [59].

The shortage of trained neurosurgeons in areas with a high burden of TBI has led
many countries to delegate aspects of the provision of neurosurgical care to non-
neurosurgeons, such as general surgeons. In a recent survey of neurosurgical pro-
viders in LMICs, 43% indicated that non-neurosurgeons were involved in delivering
neurosurgical care in some capacity in their country [60]. The procedures most fre-
quently performed by non-neurosurgeons were burr holes and craniotomy for hae-
matoma evacuation, the indication for both of which is usually head trauma. Reports



3 The Role of Neurosurgery in Global Health Head Trauma 25

from the literature indicate that delegation of neurosurgical care to general surgeons
can be safe and effective [61, 62]. In Darwin, a remote and rural region of Australia,
emergency neurosurgery has previously been provided by general surgeons — a
5-year retrospective review of their practice found that trauma was the most com-
mon indication and outcomes were comparable to urban neurosurgical centres when
accounting for case mix [61]. Similarly, a study in the Philippines comparing emer-
gency neurosurgery (mostly for head trauma) provided by consultant neurosurgeons
and general surgical residents found no difference in mortality between the two
groups [62]. As such, it is reasonable to conclude that delegation of emergency
neurosurgery to non-neurosurgeons can be safe and appropriate in certain circum-
stances where there is a need due to geography or lack of resources. However, it is
important to state here that the provision of care by non-neurosurgeons should not
be seen as a definitive replacement in the long term and acknowledge the added
value that specialist neurosurgical care offers in TBI. A retrospective review of the
US and UK Combat Trauma Registries from Iraq and Afghanistan found that the
presence of a deployed military neurosurgeon was associated with increased odds of
survival in casualties with moderate or severe TBI [63]. As such, efforts to train
neurosurgeons in areas where there is a deficit are also crucial.

Neurocritical Care

The management of severe TBI in high-income countries (HICs) is often based on
clinical practice guidelines, the most widely used of which is the Guidelines for the
Management of Severe TBI published by the Brain Trauma Foundation (BTF) which
focuses on the prevention of secondary brain injury [64]. However, the application of
such guidelines is often not feasible in low-resource settings due to a lack of resources.
A registry study in a neurosurgical unit in Tanzania found that adherence to the BTF
guidelines for the treatment of severe TBI patients was not possible — none of the
severe TBI patients in the study received continuous arterial blood pressure monitoring
or ICP monitoring and just over a third received hyperosmolar therapy [64].
Furthermore, a survey of 247 hospitals in 68 LMICs found significant deficits in
resources available for the monitoring of paediatric severe TBI, including ability to
conduct invasive blood pressure monitoring (61%), central venous pressure monitoring
(55%), serial CT scanning (41%) and ICP monitoring (22%) [45]. Major limitations in
providing treatment were also identified, such as access to mannitol (88%), hypertonic
saline (79%), fresh frozen plasma to treat coagulopathy (68%) and external ventricular
drainage (14%). To tackle this, the Beyond One Option for Treatment of Traumatic
Brain Injury: A Stratified Protocol (BOOTStraP) was developed in Colombia and pro-
vides a collection of clinical practice guidelines for all TBI tailored to the resources that
are available [65] although its efficacy has yet to be formally assessed.

ICP monitoring remains the cornerstone of the management of severe TBI in high-
income countries, but the evidence to support its use is observational [66, 67]. Due to the
established role of ICP monitoring in clinical practice in most HICs, a clinical trial
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investigating ICP monitoring has never been considered feasible due to a lack of equi-
poise. However, ICP monitoring is not routinely available in many LMICs due to pro-
hibitive cost and lack of available equipment. As such, such an environment was
considered a reasonable setting to scrutinise the usefulness of ICP monitoring. The
investigators of the Benchmark Evidence from South American Trials: Treatment of
Intracranial Pressure (BEST:TRIP) trial set out to compare care guided by ICP monitor-
ing to that guided by imaging and clinical examination (ICE) alone in six intensive care
units in Bolivia and Ecuador [68]. Controversially, they concluded that “care focused on
maintaining monitored intracranial pressure at 20 mm Hg or less was not shown to be
superior to care based on imaging and clinical examination”. However, the publication
of the findings from BEST:TRIP and their interpretation prompted considerable debate
in the literature, and some have interpreted the trial as indicating that ICP monitoring has
no role in low-resource settings. A consensus-based interpretation was published by the
authors [69], and one of the statements included was that the findings from the trial
should be “applied cautiously to regions with much different treatment milieu”. It is
therefore possible that ICP monitoring has a role in certain low-resource settings if the
environment is carefully considered and implemented thoughtfully. For example, a sin-
gle-centre retrospective cohort study from Kerala in India found that ICP monitoring of
severe TBI patients with diffuse brain injury was associated with a decreased need for
neuroprotective management, radiation exposure and length of ICU stay [69].
Nevertheless, ICP monitoring is unlikely to be available in many settings in LMIC for
years to come, and inexpensive and more readily available alternatives are currently
being evaluated such as optic nerve sheath diameter on bedside ultrasonography [70].

Finally, the ability to prognosticate has long been recognised to be extremely
important in planning management of TBI patients [71], and this is even more true
in low-resource settings where treating when withdrawal would be more appropri-
ate could result in a large volume of scarce resources being wasted. Despite this, an
international survey in 2007 of doctors treating head injury found that only 37%
agreed they could accurately assess prognosis [72]. Another study comparing the
prognostication ability of Ugandan neurosurgical providers with the CRASH risk
calculator found that those surveyed were consistently overoptimistic about the
long-term prospects of TBI patients [73]. Interestingly, exposure to the predictions
made by the calculator resulted in the clinicians in this cohort adjusting their opin-
ions on the prognosis of patients to be less favourable. Advances in machine learn-
ing have brought about renewed interest in the utility of prognostic models for TBI
in clinical practice and several of such models have recently been developed specifi-
cally for use in LMICs using local data sets [74, 75].

Rehabilitation

Rehabilitation is an important part of TBI care, but resources are extremely limited
in the majority of countries globally. Access to rehabilitation medicine is essentially
non-existent in many LMICs. A 2009 review found that sub-Saharan Africa had no
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specialists in rehabilitation medicine [76]. The deficit in human resources is similar
for allied healthcare professionals essential for neurorehabilitation. Physiotherapists
are probably the most plentiful allied healthcare professionals involved in providing
rehabilitation care worldwide, but there are many regions where access is extremely
limited. For example, the WHO’s Global Health Workforce Statistics indicate that
30 member countries have less than 10 physiotherapists nationwide [77]. Similarly,
a 2020 survey of the member countries of the World Federation of Occupational
Therapists found the number of occupational therapists worldwide ranged from 220
per 100,000 in Denmark to 0.01 per 100,000 in Tanzania [78]. Finally, the WHO
Mental Health Atlas 2017 reports there are 0.88 psychologists per 100,000 people
globally, ranging from 9.04 per 100,000 in high-income countries to 0.05 per
100,000 in low-income countries [79] — even fewer are likely to have the specialist
skills in neuropsychology that are required to effectively care for brain-injured
patients. In recognition of this mismatch between demand and supply, the WHO
distributes a manual entitled “Rehabilitation for Persons with Traumatic Brain
Injuries” which is specifically aimed at mid-level rehabilitation workers and pri-
mary healthcare personnel [80]. The manual contains information on the effects of
brain injuries as well as guides on how to relearn functional skills even when spe-
cialised rehabilitation equipment is not available. Task shifting and task sharing of
rehabilitation of TBI patients to community health practitioners and families repre-
sents an exciting potential avenue for improving care in low-resource settings.

Future Opportunities and Unmet Needs

Although significant progress has already been made, the examples in the previous
section have made clear there are a number of avenues in which the burden of dis-
ease from TBI could be reduced globally. The first step in solving any problem is
comprehensively describing it (Table 3.1). Despite this, the Commission on
Traumatic brain injury: integrated approaches to improve prevention, clinical care,
and research published in The Lancet Neurology in November 2017 highlighted a
lack of high-quality, epidemiological data for TBI globally, particularly in LMICs
[81]. Recent international collaborative studies, such as CENTER-TBI in Europe
[82] and TRACK-TBI in the United States [83], have sought to try and address this.
However, both studies mostly collected data on patients in high-income countries.
The Global Neurotrauma Outcomes Study, an ongoing international, prospective,
observational cohort study comparing outcomes following emergency surgery for
TBI across different levels of human development, is one such effort to try and close
this knowledge gap [84]. While multicentre studies comparing practice and out-
comes between countries are useful, population-based studies in individual coun-
tries are also required to truly understand the problem and such data from LMICs is
currently essentially non-existent [81]. Interventional studies run specifically in
LMICs are also lacking. A bibliometric review of neurosurgical randomised con-
trolled trials (RCTs) found that only nine RCTs in neurotrauma with samples from
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LMICs only had been published between 2003 and 2016. Moreover, significant
between-hospital and between-country variation in outcomes and quality of care
has been observed following TBI in HIC [85, 86]. Given the diversity of cultures
and health systems in LMICs, it is likely that such heterogeneity also exists in TBI
case mix, care and outcomes in this group of nations, and initiatives to reduce the
burden of disease due to TBI through research or policy should take this into con-
sideration. Furthermore, improvements in data capture technology mean more
information about TBI patients is now routinely available than ever before.
Combined with advances in statistical methodology, this data has the potential to
revolutionise patient care through precision medicine approaches [81]. However, it
is important that such efforts include data on TBI patients from LMICs so as not to
further exacerbate the existing knowledge gap. Finally, it is clear that a holistic
approach across the entire health system (including prevention, pre-hospital care,
surgery, intensive care and rehabilitation) is likely required to truly address the com-
plexity of improving care for TBI across the world [87].
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Introduction

The word surgeon comes from the Greek kheirourgos, which means “done by the
hand.” Traditionally, a doctor at large may treat his/her patients by talking to them
and prescribing medicine; hence, the Greeks considered surgeons to be specialized
physicians. In 1929, a woman requested care for her child with a brain tumor from
the father of neurosurgery, Dr. Harvey Cushing. He wrote her back and said: “The
right thing is to have you take him to see Dr. [Franc] Ingraham at the Children’s
Hospital, and to abide unequivocally by what he says” [1].
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Worldwide, “pediatric neurosurgery...developed pari passu with the general
acceptance that children’s diseases are best understood and treated in an environ-
ment specially centered to their unique requirements” [2]. This is reflected in the
establishment of children-specific hospitals, in the recognition of the unique care
needs of children and their families, and in the establishment of pediatric neurosur-
gery as a subspecialty of neurosurgery.

Pediatric neurosurgery is still not recognized “officially” as a subspecialty in
several countries. This is mainly due to undefined training requirements and inade-
quate expertise and/or other resources such as pediatric anesthesiologists, pediatric
intensive care units with intensivists, pediatric nurses, and special equipment for
pediatric surgery. Pediatric neurosurgery requires a multidisciplinary approach.
Therefore, scaling up pediatric neurosurgical care especially in LMIC will also
require increasing the workforce with a broader team approach.

Defining the Pediatric Neurosurgery Specialty
Through History

The first trepanation was performed around 6500 BCE. Early evidence of pedi-
atric neurosurgery comes from the practice of trephination as well. A skull of an
11-year-old was excavated in Iran which dated back to 1100 BCE. Even though
surgeries were performed on children with “large heads” since Hippocrates,
Persian physician Muhammad ibn Zakariya al-Razi (854-925) was the founder
of general pediatrics as a medical branch. It wasn’t until the nineteenth century
that “modern” children’s hospitals emerged. These included the Hopital Necker-
Enfants Malades, Paris, in 1802; the Nikolai Hospital for Children, St. Petersburg,
in 1834; the St. Anne’s Children’s Hospital, Vienna, in 1837; the Hospital for
Sick Children, Great Ormond Street, London, in 1852; the Children’s Hospital
of Philadelphia in 1855; and the Children’s Hospital of Boston in 1869 [3]. With
these came an increasing recognition of the unique needs of children and the
emergence of pediatrics as a specialty. Neurosurgery is one of the youngest
specialties. It was the foundation of the freestanding large children’s hospitals
making the development of subspecialties necessary, including pediatric neuro-
surgery. These hospitals were looking for committed physicians including sur-
geons to expand their services to children with their own conditions and
problems rather than treated as small adults.

Vesalius’s description of a 2-year-old girl with a large head in the seventeenth
century is evidence that these conditions were known and treated in children at
the dawn of modern medicine. However, the foundation of pediatric neurosur-
gery had to wait until 1913 for Dr. Harvey Cushing’s recruitment to the Peter
Bent Brigham Hospital (PBHH) in Boston [4]. Dr. Cushing began operating on
children with neurosurgical conditions who were brought for surgery from



4 The Role of Neurosurgery in Global Health Pediatrics 35

nearby Boston Children’s Hospital (BCH). It did not take too long for Dr. Cushing
to realize that the pediatric neurosurgery needed to be a dedicated subspecialty.
He appointed one of his students — Dr. Franc D. Ingraham — to perform surgeries
on pediatric patients [4-0].

Dr. Ingraham was recruited to PBHH in 1929 after finishing his medical studies
at Harvard Medical School and surgical residency with Dr. Cushing. The neurosur-
gery department at BCH was established upon his return from Oxford, which thus
became the first dedicated pediatric neurosurgery service in the world [7]. He was
instrumental in training many talented neurosurgeons focused on pediatric neuro-
surgery including Dr. Donald Matson, Dr. Bruce Hendrick, and Dr. John Shillito
who became the pioneers of pediatric neurosurgery in the USA, Canada, and inter-
nationally. The first textbook of pediatric neurosurgery Neurosurgery of Infancy and
Childhood was published in 1954 by Dr. Ingraham and his student Dr. Donald
D. Matson who became Ingraham’s successor as chief of neurosurgery at BCH [7].
Dr. Ingraham operated on and published on a variety of pediatric neurosurgical
conditions from spina bifida to tumors to hydrocephalus. With his momentum, the
pediatric neurosurgery centers started to emerge in Europe, Latin America, the
USA, and Canada.

By the 1960s, in North America, there were several freestanding dedicated
children’s hospitals like in Toronto, Chicago, Philadelphia, and Cincinnati. The
protégés included prominent names in pediatric neurosurgery who ultimately
established pediatric neurosurgical centers as chairpersons in the USA, Canada,
and around the world. These centers in turn trained fellows nationally and inter-
nationally. One prominent figure is Dr. E. Bruce Hendrick who returned to
Toronto in 1954 from his training in Boston. He was sent to Boston “for a life-
time opportunity” when he was serving as a postgraduate resident in neurologi-
cal surgery at the University of Toronto. He became Canada’s first dedicated
pediatric neurosurgeon. The pediatric neurosurgery service was founded by
Dr. Hendrick and his students Dr. Robin Humphreys and Dr. Harold Hofmann,
hence the “3Hs.”

Meanwhile, in Chicago Children’s Memorial Hospital, which was founded in
1882, a neurosurgical service was established by Dr. Luis Amador in 1950.
Dr. Amador trained international fellows like Dr. Kenneth Hill who then became
a part of the founding team of pediatric neurosurgery service at the Hospital for
Sick Children in London, UK. He was trained in Boston as well as Chicago and
brought the influence from the USA to the UK. Sanat Bhagwati was another
international fellow at Children’s Memorial who became a pioneer in the devel-
opment of pediatric neurosurgery in India [4-6, 8, 9]. The second dedicated
pediatric neurosurgery service in the USA was in Children’s Hospital of
Philadelphia. Eugene Spitz was put in charge in 1957 to establish the clinic. He
recruited Luis Schut as an associate in 1962 to work full time at the Children’s
Hospital [10].
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The Modern Era and the Birth of Organized
Pediatric Neurosurgery

Pediatric neurosurgery arose as a subspecialty in the 1950s through the work of
Ingraham and Matson in Boston, Amador and Raimondi in Chicago, Till in London,
Dott and Shaw in Edinburgh, Rougerie in Paris, Keith and Hendrick in Toronto, and
Spitz and Schut in Philadelphia. All of these worked in freestanding children’s hos-
pitals with dedicated neurosurgical subspecialization (subunits). Neurosurgeons
evolved from general surgeons since the 1930s and 1950s into the era of pediatric
specifically trained neurosurgeons in the 1970s and to the “second generation” of
pediatric neurosurgeons in the 1980s and 1990s [4].

The modern era of pediatric neurosurgery started after 1970 when pediatric neu-
rosurgery became organized separately within the neurosurgery. It was pioneered by
Dr. Anthony Raimondi, born and raised in Chicago, trained with Amador in Chicago
where he returned as the chief of the pediatric neurosurgical department at the
Children’s Memorial Hospital in 1968. Raimondi was essential for the foundation
of organized pediatric neurosurgery and the International Society for Pediatric
Neurosurgery (ISPN). He trained surgeons particularly from Europe, Japan, India,
and Korea. Other countries such as China and Taiwan were also influenced by their
counterparts in the USA especially from Chicago [7, 8]. Raimondi was knighted by
the president of Italy in 1980 for his treatment of children with brain disorders.

The advancement of the field was accelerated by organized societies, which in
turn brought a much more structured curriculum to pediatric neurosurgery training
in addition to bringing pediatric neurosurgeons under one roof for further advance-
ment of the field including surgical techniques, research, collaboration, and sharing
knowledge and advancing medical technology (Table 4.1). The European Society of
Pediatric Neurosurgery (ESPN) was the first pediatric neurosurgical society,
founded in 1967 in Vienna, Austria. The AANS/CNS Joint Section of Pediatric
Neurosurgery was established in 1972 after the foundation of ESPN [10] and was
the first subspecialty section within the AANS. The same year, the ISPN was

Table 4.1 Pediatric neurosurgery societies’ history

Year established Society name Acronym
1967 The European Society of Neurosurgery ESPN
1972 AANS Section of Pediatric Neurosurgery*
1972 International Society for Pediatric Neurosurgery ISPN
1972 Japanese Society for Pediatric Neurosurgery JPN
1987 Korean Society for Pediatric Neurosurgery KSPN
1990 Indian Society for Pediatric Neurosurgery IndSPN
1998 Brazilian Society of Pediatric Neurosurgery SBNPed
2013 Asian-Australasian Society of Pediatric AASPN
Neurosurgery
2017 Latin American Society of Pediatric Neurosurgery | ESPN

aSubsequently renamed: AANS/CNS Joint Section on Pediatrics
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established in Chicago. Founding members were Raul Carrea (Argentina), Maurice
Choux (France), Steen Flood (Norway), Bruce Hendricks (Canada), Wolfgang Koos
(Austria), Satoshi Matsumoto (Japan), Jean Pecker (UK), Antony J. Raimondi
(USA), Jacques Rougerie (France), John Shaw (UK), and K. Till (UK) [11].

Other national and international organizations followed as pediatric neurosur-
gery separated itself as a subspecialty in respective countries in the 1990s. The
Indian Society for Pediatric Neurosurgery (IndSPN) was formed in 1990 after host-
ing the 17th Annual Conference of International Society for Pediatric Neurosurgery
in 1989 in Bombay. The Society has steadily grown in strength and now has more
than 500 members [12]. In Latin America, the Brazilian Society of Pediatric
Neurosurgery (SBNPed) was established in 1998, as a progression from the pediat-
ric section of Brazilian Society of Neurosurgery (SBN), currently with more than
150 members [13, 14]. More recently, the Latin American Society of Pediatric
Neurosurgery was created in 2017, in continuity with the pediatric chapter of Latin
American Federation of Neurosurgical Societies (FLANC) [15, 16]. Lastly, the
Asian-Australasian Society of Pediatric Neurosurgery (AASPN) was founded in
2013 [17]. It includes many organizations under its roof: the Chinese Society for
Pediatric Neurosurgery, Indian Society for Pediatric Neurosurgery, Japanese Society
for Pediatric Neurosurgery, Korean Society for Pediatric Neurosurgery, and Taiwan
Society for Pediatric Neurosurgery.

With the formation of multiple organizations specifically including pediatric
neurosurgeons and as the number of fellowship-trained pediatric neurosurgeons
began to grow, the demand for a specialty journal arose. The official journal of ISPN
was founded in 1972 as Child’s Brain and in 1985 became known as Child’s Nervous
System. Through the efforts of the editorial board led by Concezio Di Rocco, the
journal became the official publication of many international pediatric organiza-
tions [19]. Ultimately, the Journal of Pediatric Neurosurgery was created in 2004 by
the efforts of Dr. Jerry Oakes and Dr. John Jane Sr. These two are the main journals
for pediatric neurosurgeons to publish their scholarly work in all aspects of pediatric
neurosurgery.

The World Federation of Neurosurgical Societies (WFNS) was founded in 1955
[18]. With its foundation and due to the hard work of the pioneers, pediatric neuro-
surgery gained more recognition as a specialty. Many pediatric neurosurgeons now
serve as officers of the WENS. A separate pediatric neurosurgical committee was
also established with a mission to promote education in pediatric neurosurgery,
which now has become an essential part of the WFNS education program.

Pediatric Neurosurgical Training

Between 1970 and 2000, many training programs for pediatric neurosurgery were
established. However, as the pediatric neurosurgical practice broadened, it was evi-
dent that the education of pediatric neurosurgeons was inadequate to meet the needs.
In some centers, there was not enough clinical volume even for resident training as
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well as faculty expertise. The surgical curriculum was not standard, both in North
American centers and internationally. Training and supervising neurosurgeons tak-
ing care of children became an essential discussion in organized neurosurgery by
the leaders. Especially in the USA and Canada, the idea of a certified fellowship
training after completion of a neurosurgical residency training had been discussed
but met resistance by prominent figures mainly for “political reasons” [4].

The attempts for identifying and certifying pediatric neurosurgeons waited until
1991 in North America. To establish and codify the optimum training and practice
requirements for pediatric neurosurgeons, 40 senior pediatric neurosurgeons from
the USA and Canada met in Chicago O’Hare Airport in 1991. By unanimous vote,
they founded the American Board of Pediatric Neurological Surgery (ABPNS) to
fulfill these functions. Subsequently, the Accreditation Council for Pediatric
Neurosurgical Fellowships (ACPNF) was created in 1992 to oversee and regulate
pediatric neurosurgical training/fellowship programs in the USA and Canada. The
ABPNS is a nonprofit corporation that is now a well-established and well-accepted
certifying body and has become the standard accreditation authority for pediatric
neurological surgery in the USA and Canada [4].

In Europe, no official specialist degree for pediatric neurosurgeons exists. So far,
there is no unified education system that defines a standard for European pediatric
neurosurgery either. Approximately 90% of self-identifying pediatric neurosur-
geons in Europe report in a survey that they received a formal pediatric neurosurgi-
cal training. This essentially consists of clinical training either as a fellow in a
dedicated unit or in additional postgraduate training courses organized by the ESPN
or national groups (e.g., German course run by the Pediatric Section of the German
Neurosurgical Society). There are no course-related examinations. In general, pedi-
atric neurosurgery is more or less integrated in mandatory specialist examinations
run by the national medical associations or the EANS (European Association of
Neurosurgical Societies) [20].

In Latin America, until the 1990s, the neurosurgeons were seeking pediatric neu-
rosurgery fellowship training in Europe or in the USA. Nowadays, there are pediat-
ric neurosurgery training centers in the large cities in several countries. There is no
formal certification or an official necessity to be board certified. However, the rec-
ommendation is to complete a year of pediatric neurosurgery fellowship after com-
pleting residency and, additionally, to complete the Latin American Pediatric
Neurosurgical Course [13].

In Australia, training in pediatric neurosurgery is supervised through the
Neurosurgical Society of Australasia Training Board, regulated by the Royal
Australasian College of Surgeons, and is part of the core neurosurgical training.
Postgraduate training is typically undertaken at international pediatric neurosurgi-
cal centers; however, three centers — Westmead Children’s, Queensland Children’s,
and the Royal Children’s Hospitals — offer fellowships. The Neurosurgical Society
of Australasia oversees and more recently Asian-Australasian Society of Pediatric
Neurosurgery conduct all educational and administrative needs for pediatric neuro-
surgery in the region. Workshops in pediatric neurosurgery are conducted every
2 years [21].
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The general lack of neurosurgeons in Africa led to a deficit in trained pediatric
neurosurgeons [22]. There are very few countries where there is formal pediatric
neurosurgery training. Best examples are Egypt and South Africa. In Egypt, before
being qualified as pediatric neurosurgeons, the trainees have to be affiliated to the
university children’s hospital under supervision of one of the professors of pediatric
neurosurgery. During this period, they have to perform at least 2 cases per week and
more than 80 cases per year (Prof. Mohamed El Beltagy at Children’s Cancer
Hospital Egypt, personal communication, 2020). In Morocco, Algeria, and Tunisia,
pediatric neurosurgery is not established as a subspecialty, but there are pediatric
divisions where working general neurosurgeons are used to treating children.

In sub-Saharan countries, only a few have specialized children care facilities,
such as the CURE Children’s Hospital in Uganda. African neurosurgery leaders
realized early on that training outside Africa was not an answer to the lack of neu-
rosurgeons in the continent (most of the African trainees in Western countries did
not return to their countries) and that it was necessary to have local programs of
training and centers of training inside the continent. Currently, 15 countries of sub-
Saharan Africa have a national program, while Nigeria has 7 [23]. The WFNS Rabat
Training Center was created in 2001, and other countries (Algiers, Nairobi, Dakar,
and Cairo) have been accredited by WENS for training in the field under the pro-
gram “100 for Africa,” directed by Prof. Samii [24].

In India, the last decade has seen many neurosurgical centers offering pediatric
neurosurgery fellowships for a period of 1-2 years. Some are certified by the pro-
vincial universities and some under the aegis of the IndSPN. Currently, there are
almost seven centers offering pediatric neurosurgery fellowships. There is disburse-
ment of knowledge by regular courses conducted by ISPN and IndSPN and
AASPN. Additionally, courses on focused topics in pediatric neurosurgery and
hands-on workshops like endoscopy and craniosynostosis are offered each year
from time to time [11].

Overall in Asia, the mission of pediatric neurosurgery training is also being taken
care by the AASPN. However, still in many countries, the formal training in pediat-
ric neurosurgery is by apprenticeship in a pediatric neurosurgery center or doing
fellowships from abroad.

The Current Status of the Pediatric Neurosurgical Workforce
Around the Globe

Pediatric neurosurgery is probably the most interdisciplinary specialty and repre-
sents 20-25% of the activity in most neurosurgical departments. In most countries,
neurosurgeons practice both general neurosurgery and pediatric neurosurgery, and a
few countries such as the USA, Canada, France, and Germany have exclusive pedi-
atric neurosurgery units. The “cutoff” age for patients to be cared for in a pediatric
unit is arbitrary, ranging from younger than 21 years to younger than 12 years.
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Table 4.2 summarizes the estimated pediatric population around the globe. The
United Nations the reference age are from zero to 14 years old. Table 4.2 shows the
estimated pediatric population worldwide. As of mid-2020, about 26 percent of the
world’s population were under 15 years old.

Africa

Africa is a continent of 30 million km? area and a population of 1,346,345,000 people
representing 18.2% of the world population [25]. It is the youngest region in the world
with a middle age of 19.7 years [25]. Twenty-two countries among 23 that have the
highest rate of population under 15 years (31-45%) are African [26]. So we can con-
sider that a big proportion of sick children in the world is in Africa. Hydrocephalus
and spina bifida are very frequent diseases in the continent [27]. However, cancers are
not uncommon and consequently brain tumors since they are the second cause of
cancers in children [28]. The real incidence of brain tumors in Africa is probably
underestimated because they are often underdiagnosed or not diagnosed [29]. Another
cause of neurosurgical care in children is head/spine trauma secondary to traffic acci-
dents. Africa has the highest number of deaths caused by motor vehicle accidents with
26.6 deaths/100,000 habitants, 44% of these are pedestrians and cyclists, and it is well
known that a large proportion of these are children [30].

Table 4.2 Estimated pediatrica population around the globe

Pediatric

Geographical | population

region (0-14 years) Year Ref

Worldwide 1.983.649.000 2019 https://population.un.org/wpp/Publications/
Suggested citation: United Nations, Department
of Economic and Social Affairs, Population
Division (2019). World Population Prospects
2019, Online Edition. Rev. 1.

Africa 540.830.000 2019 https://population.un.org/wpp/Publications/

Asia 1.089.632.000 2019 https://population.un.org/wpp/Publications/

Australia/NZ | 5.906.580 2020 https://www.nationmaster.com/country-info/
compare/Australia/New-Zealand/People

Europa 298.000 2020 https://ec.europa.eu/eurostat/cache/digpub/
demography/bloc-1c.html?lang=en

North America | 125.026.420 2020 https://www.populationpyramid.net

Latin America | 189.771.239 2020 https://www.populationpyramid.net

Considering the dereferences “cutoff” age for patient population, Africa, the pediatric population
represents almost half (47%) of the total population. It is currently estimated at 580 million chil-
dren. This is four times the size of the European child population, 25% of children in the world;
www.unicef.org (2017)
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Over the past 20 years, the number of neurosurgeons has significantly increased
in Africa with a reported neurosurgeon/population ratio of 1/1,066,666 in 1998 to
1/691,000 in 2016 [24]. Nonetheless, the lack of neurosurgeons in most of African
countries persists with a degree of variability in availability of pediatric care. This is
best available in North African countries, Morocco, Algeria, Tunisia, and Egypt,
and the Republic of South Africa. There are very few countries where there are dedi-
cated pediatric neurosurgeons. Egypt has officially 176 pediatric neurosurgeons that
perform more than 80 cases per year (Prof. Mohamed El Beltagy at Children’s
Cancer Hospital Egypt, personal communication, 2020).

While trying to increase the neurosurgical workforce in Africa, it is also impor-
tant to develop pediatric neurosurgery. This can be achieved by instituting training
in pediatric neurosurgery as in Egypt; this kind of training can be done in many
African countries (North, South, and some sub-Saharan countries). However, all
these options of training need funds for scholarships, and this is also a difficult issue
in Africa. National societies of neurosurgery have also a role to play by creating
pediatric sections as in Egypt and South Africa which will lead to promote pediatric
neurosurgery (Table 4.3).

Asia

In the current scenario, pediatric neurosurgery is very well developed in Japan and South
Korea; moderately developed in India, China, Indonesia, and Malaysia; and developing
in the Philippines, Bangladesh, Pakistan, and some other countries [31-38]. However,
pediatric neurosurgery is hardly developed in countries like Myanmar, Cambodia,
Vietnam, Sri Lanka, and a host of other smaller Asian countries [23, 37, 39-46].

Asia accounts for 36% of the world’s children (population below 18 years of
age), and it is estimated that around 80% of all pediatric cancer patients are present
in the LMIC and Asia shares a huge burden of LMICs. The major disparities in
these countries are related to differences in healthcare resources, healthcare organi-
zation and system, economic level, and barriers together with other issues that may
limit the quality of care offered to these valuable populations.

Asia is the largest continent with 48 countries. The pediatric neurosurgery (PNS)
services are not uniformly available throughout the continent. The seeds of PNS
have been laid down by the Western countries. Most of the Asian countries owe their
beginning to the USA and Canada from where the founders finished their fellow-
ships in PNS and came back to start in their own country [37, 46]. Japan has con-
tributed tremendously to world pediatric neurosurgery like in any other subspecialties.
A good number of neurosurgeons practice only pediatric neurosurgery, and all vari-
eties of pediatric neurosurgery happen in Japan in most of the cities [37, 38]. South
Korea is an Asian country where PNS developed fast. Started in 1940 and after the
Korean War gained momentum and by 1961, it was fully developed. In Korea, pedi-
atric neurosurgery has its own journal of pediatric neurosurgery and society from
the last two decades.
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Table 4.3 Estimated pediatric® percentage of the pediatric population related to the area

World Year % of population (0—14 years)
Arab world 2019 33
Caribbean small states 2019 23
Central Europe and the Baltics 2019 15
East Asia and the Pacific 2019 20
Euro area 2019 15
Europe and Central Asia 2019 18
Europe and Central Asia (excluding high income) | 2019 21
European union 2019 15
Fragile and conflict-affected situations 2019 41
Heavily indebted poor countries 2019 43
Latin America and Caribbean 2019 24
Latin America and Caribbean (excluding high 2019 24
income)

Least developed countries (UN classification) 2019 39
Middle East and North Africa 2019 30
Middle East and North Africa (excluding high 2019 31
income)

North America 2019 18
OECD members 2019 30
Pacific Islands small states 2019 35
South Asia 2019 28
Sub-Saharan Africa 2019 42
Sub-Saharan Africa (excluding high income) 2019 42
Income wise

World Year % of population (0—14 years)
High income 2019 16
Low and middle income 2019 27
Low income 2019 42
Lower middle income 2019 30
Middle income 2019 26
Upper middle income 2019 21

“Estimated percentage of the pediatric population related to the world region

In China, currently roughly over 40 children’s hospitals are present all over the
mainland having their own department of pediatric neurosurgery. Almost each prov-
ince has at least one children’s hospital. More than 400 pediatric neurosurgeons are
doing surgeries solely in children’s hospitals. Another 200 neurosurgeons perform
operations in both adults and children. Usually all kinds of neurosurgical surgeries
are practiced in each children’s hospital, including tumor, hydrocephalus, MMC,
spinal lipoma, trauma, craniosynostosis, and functional surgeries, and an average of
800-1200 cases per year are performed in each center. Though the absolute height
number of numberis high, the population number is also leaving an unmet need in

the workforce [32, 33].



4 The Role of Neurosurgery in Global Health Pediatrics 43

India is the second most populous country in the world with a geographical area
of 3,287,263 Km? [47]. The pediatric neurosurgery services of India follow a diverse
pattern. There are very few dedicated pediatric neurosurgery centers in the country,
mostly in the major cities of Mumbai, Delhi, Chennai, Bengaluru, and Hyderabad,
but all of them are stationed either in pediatric divisions of neurosurgery or in pedi-
atric hospitals. Most of the tier one and two cities offer pediatric neurosurgery ser-
vices as components of general neurosurgery services (Suchanda Bhattacharjee,
personal communication, 2020).

In Russia, the PNS services are well developed in Moscow and still developing
in other regions. In 2016, an association of senior specialists on pediatric neurosur-
gery was arranged, and there are designated pediatric neurosurgeons in all the
regions overseeing the work in pediatric neurosurgery called pediatric neurosurgeons-
in-chief of Russia [48]. Hence, we can infer that Russia has developing and system-
ized pediatric neurosurgery services.

Besides the five countries reviewed above, the other Asian countries have not so
much prominent representation as far as pediatric neurosurgery work is concerned.
Countries like Indonesia and Malaysia offer a significantly good pediatric neurosur-
gery coverage. The subspecialty is always along with the general neurosurgical spe-
cialty, and the majority does pediatric neurosurgery along with other subspecialties.
There are very few neurosurgeons exclusively doing pediatric cases in these
countries.

Australia

Today, almost five million children less than 15 years of age are living in Australia
[49] and almost one million in New Zealand [50]. Their neurosurgical needs are
served through eight dedicated pediatric neurosurgical centers. However, there are
only two full-time pediatric neurosurgeons in Australia, Wirginia Maixner and
Alison Wray in the Royal Children’s Hospital in Melbourne. The remainder of pedi-
atric neurosurgeons have a substantive role in pediatric neurosurgery combined with
adult neurosurgical care.

Europe

In order to explain the role of pediatric neurosurgery in Europe, two major problems
exist: first of all, the definition of Europe in terms of territorial versus cultural back-
ground (Eurasian continent). Data from Turkey and Russia are not included in most
of the available statistics. The second problem reflects the fact that pediatric neuro-
surgery is not recognized as different from general neurosurgery in some European
regions. Compared to other continents, the European population is getting older
with a decreasing proportion of citizens younger than 18 years of age currently at



44 N. Zanon et al.

32% (in 2020, 143 million citizens out of 448 million). On the other hand, the num-
ber of doctors and hospitals per population is steadily growing in most European
countries and the highest worldwide [51].

In 2017, on average, 3.7 physicians per 1000 inhabitants were available in the
European Union (in 1990, it was 2.93) [52]. In 2016, in Europe, consisting of 51
countries, a total of 10,730 neurosurgeons were registered with a population of
912,065,031 people and a neurosurgeon/population ratio of 1/85,000. Yet, the popu-
lation had decreased from 2014 with a negative population development (—4.16%).
The neurosurgeon density per million is 11.76 only exceeded by the Western Pacific
Region [53].

Pediatric neurosurgery in most European countries is often elective surgery. The
spectrum differs significantly from the one described for LMIC. The true number of
pediatric neurosurgeons can only be estimated. In most centers in Europe, a pediat-
ric neurosurgery service is offered by specialized units inside a children’s hospital
or subdivisions and working groups of a department for general neurosurgery. Still
a significant proportion of patients is treated in a general neurosurgical environment
without specific pediatric expertise [23].

Latin America

Latin America is a vast region, with 21,069,501 km? made up of 20 countries,
which have different cultures, languages, traditions, and social structures. According
to ECLAC (Economic Commission for Latin America and the Caribbean), part of
the United Nations, in 2020, the Latin American population from 0 to 19 years old
is 206,371 inhabitants [54]. Not all children and adolescents have access to equita-
ble healthcare and treatment of neurosurgical diseases. In Brazil, in recent years,
with the indiscriminate opening of new medical schools, we now have many more
medical schools than more populous countries such as China, India, and the
USA. Brazil is starting to train 35,000 doctors per year, for a population growth of
1.7 million new inhabitants (0.77% per year), that is, 1 new doctor for every 500
new inhabitants. WHO recommends 1 doctor for every 1000 inhabitants. In January
2018, despite having 452,801 doctors (ratio of 2.18 doctors per thousand inhabit-
ants), Brazil has great inequality in the distribution of the medical population
between regions, and the majority is concentrated in large urban centers (variation
between 0.30 and 4.33/1000 inhabitants). Specialists are 61% of the physicians, and
3298 are neurosurgeons (1.59/100.000 inhabitants) [55].

Pediatric neurosurgery as a subspecialty is not certified in Brazil. It is not manda-
tory to have a certification to practice. However, in recent years, the specialty has
been gaining prominence, and more neurosurgeons have been showing interest in
improvement, specialization, and development within the specialty. The Brazilian
Society of Pediatric Neurosurgery has stood out for its engagement, development of
activities, and interest of members in improving and growing the specialty in Latin
America. Within the ISPN, Brazil is the nation with the second largest number of
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members (45/493), after the USA (Shlomi Constantini, Membership Committee
chair of ISPN, personal communication, 2020).

North America (USA and Canada)

According to the population database in 2019, 22% of the population in the USA —
which is 73 million of population — are children. The pediatric neurosurgical
workforce was a topic of concern in the last two decades, and efforts of organiza-
tions especially the ACPNF contributed to the increasing fellowship-trained sub-
specialists. The number of accredited fellowships has increased to 31 in 2020, and
the number of pediatric neurosurgeons trained from 1993 to 2020 with certifica-
tion reached 434. The number of graduates per year has grown steadily over time.
Of particular importance, the percentage of women who completed a pediatric
fellowship and certified by ABPNS in 2019 was just over 40% in the USA with
overall percentage (20.4%) of practicing pediatric neurosurgeons being
female [56].

A recent study showed that the majority of these fellowship-trained pediatric
neurosurgeons (67.8%) trained since 1993 are in an academic setting practicing all
of pediatric neurosurgical conditions. Seventy percent of fellowship-trained pediat-
ric neurosurgeons practice only pediatric neurosurgery which is different from most
of their European and Asian counterparts [56].

Middle Eastern Asia

The Middle East is the term used for more than ten countries with populations char-
acterized by different ethnic roots and religions and with diverse political and eco-
nomic dynamics. At the moment, the countries that have borders within the region
are Turkey, Syria, Iraq, Iran, Lebanon, Jordan, Israel, Kuwait, Palestine, the United
Arab Emirates, and Saudi Arabia.

It is probably the most unstable part of the whole world, having spent centuries
with political struggles. Reflecting this political turmoil, the health problems and
priorities in these countries are very different than those in Western countries.
Medical associations, including neurosurgical associations, in most of these coun-
tries have very little communication with international societies compared with
such associations in other parts of the world. Pediatric neurosurgery has been
regarded as a subspecialty in some part of the Middle East countries for the last
three decades. Although it is not well organized except in Turkey and Israel, most of
the countries in this region now have neurosurgeons who give special attention to
pediatric neurosurgery within their general neurosurgical practice. No country in
the region has a special pediatric neurosurgery training program, and no single neu-
rosurgeon is dedicated exclusively to pediatric neurosurgery except for Israel.
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Israel has exclusive pediatric neurosurgery centers associated with the pediatric
hospitals. Israel not only offers quality pediatric neurosurgery but also excels in
research as seen by the number of articles which come out in the pediatric neurosur-
gery journals. The young account for a far higher percentage of the population than
in the Western world, which means that more sick children are encountered than
adults. Congenital and genetically inherited disorders, spinal dysraphism, and para-
sitic diseases are still public health problems because of the high birth rate and
insufficient healthcare. For these reasons, the universal norms of pediatric neurosur-
gery need to be adapted to this area (Suchanda Bhattacharjee, personal communica-
tion, 2020).

The development of pediatric neurosurgical care is a priority in the Middle
Eastern Asia for several reasons including the presence of unrests and the young
mean age of the population. Children are inadvertently injured in combats or bomb-
ings or are deliberately used as human shields. In Afghanistan, the mean age of
population is 18 years, and 43% of the population are <15 years [57]. As a result of
the lessons learned from the management of >3500 infants and children in military
hospitals in Afghanistan and Iraq, the US forces have initiated a program designed
to train medical personnel in pediatric critical care before deployment. In addition,
a chapter on pediatric critical care is inducted in the emergency surgery manual of
the US military force. The data from the Syrian civil war reports that children are
afflicted in 18% of cases. Traumatic brain injury in children accounted for 44% as
reported by the military personnel’s experience in French NATO hospital in Kabul,
Afghanistan. The Association of Neurological Surgeons in Iraq, established in
2013, has launched several initiatives including the advancement of pediatric care
by establishing subspecialty care and encouraging a prioritization toward the neuro-
surgical needs of children’s conflict-torn zones, which may be through a global
initiative (Suchanda Bhattacharjee, personal communication, 2020). The organiza-
tion has also a woman in neurosurgery and a medical student chapter to empower
diversity and specialty growth.

Future Opportunities/Unmet Needs

The true number of pediatric neurosurgeons who take care of children and adoles-
cents, either full or part time, can only be estimated. In 2017, Dewan et al. per-
formed a worldwide survey on pediatric neurosurgical workforce, access to care,
equipment, and training needs. They estimated that more than 1000 pediatric neuro-
surgeons are working in Europe and North America, which means that 1 neurosur-
geon is responsible for 250,000 children, whereas 30 million children in Africa are
treated by only 1 pediatric neurosurgeon [44].

In high-income countries (HIC), pediatric neurosurgeons are more often involved
in surgeries for hydrocephalus, occult spinal dysraphism (OSD), craniofacial defor-
mity, Chiari malformation, and brain tumor and in selected units also in functional
neurosurgery (epilepsy surgery, spasticity treatment, and very rarely deep brain
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stimulation) compared to relatively few myelomeningocele and trauma cases which
constitute most of the caseloads in LMIC. Additionally, there is a significant gap in
the use of most recent surgical technology and availability of advanced medical
treatments when servicing children with neurosurgical diseases. Providing advanced
technology, training the next generation of neurosurgeons with most up-to-date
knowledge, and research to elevate the care of children to equal high standards are
of paramount importance.

The challenge of pediatric neurosurgery starts on a basic level. Around 51 million
births remain unregistered every year in LMIC according to the UNICEF. Congenital
malformations like spina bifida — one of the most complex neurological malforma-
tions — can be prevented with strategies created by the collaborative work of the
pediatric neurosurgeons, medical societies, international organizations, and local
governments. In several countries, the folic acid fortification has already resulted in
a significant decrease of prevalence of spina bifida with cost-benefit already proven.
Another way to prevent congenital defects is to provide basic prenatal care such as
use of folic acid supplement before and during pregnancy. The World Health
Organization (WHO) recommends that all women of childbearing age consume
400 pg of folic acid daily and that women with pregnancies previously affected by
NTDs consume 5000 pg of FA daily [58]. These initiatives mainly depend on the
political, cultural, and socioeconomic status of the countries like education, avail-
ability of the supplements, and individual and community awareness.

Trauma prevention also is another essential matter of education and collabora-
tion between medical societies and public and private institutions. Per 2020 Child
Mortality Report developed by the UN Inter-agency Group for Child Mortality
Estimation in 2019 alone, 7.4 (7.2, 7.9) million children, adolescents, and youth
died mostly of preventable or treatable causes. Most pediatric trauma deaths can be
prevented. This is true for children who are victims of abuse, namely, non-accidental
head traumas. Pediatric neurosurgeons should share the lead responsibility in pre-
venting, detection, and appropriate referral of child victims of abuse in addition to
treating related brain and spine injuries.

One of the most important advancements in treating patients with neurosurgical
pathologies has been the invention of shunts for CSF diversion. The most prevalent
pathology in pediatric neurosurgical units is hydrocephalus. However, disparities
remain in accessing these endoscopic treatments and shunt procedures which are
the standard treatment modalities. Although the complications are less frequent,
more work needs to be done to decrease the shunt infection rates below 1% [59].

Theoretically and ideally, a single (or few) center in each LMIC should be fully
equipped and staffed to act as a referral center for advanced pediatric neurosurgery.
This has the theoretic advantage of improving the level of care and the outcomes.
Emergency pediatric neurosurgery and majority of pediatric oncology surgeries
should be performed in any neurosurgical center but by a pediatric neurosurgeon
ideally. Aggregating and concentrating on the experience, equipment, and staff
without repetition and standardizing the high level of service are the successful
ways to overcome most of the difficulties and face the challenges in LMIC in the
field of pediatric neurosurgery.
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Introduction

Although neurosurgical development has been rapid and impressive in high-income
settings, low- and middle-income countries (LMICs) have lagged behind. According
to the Lancet Commission and World Bank report in 2015, there is a shortage of
essential surgical care for five to six billion people worldwide [1]. Of the overall
necessary-surgery burden-related annual mortality of 147 million, 47 million can be
prevented through adequate and timely surgical intervention [2]. Of the reported
number of annual surgical procedures worldwide (approximately 250 million), only
3.5% are performed in the poorest 33% world population [3].

The number of practicing neurosurgeons worldwide was 49,940 in 2018 [4], of
which 18,000 are practicing in the Western Pacific area mainly in China and Japan.
Overall, 44% of these neurosurgeons are working in high-income countries (HICs)
[4]. On the other hand, in a survey conducted in 2016, the number of neurosurgeons
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in Africa was 1727 for a population of 1.12 billion, yielding a ratio of 1:654,000. Of
these, South Africa had 171 neurosurgeons (ratio 1:420,000), North Africa had
1187 neurosurgeons (ratio 1:131,000), and sub-Saharan Africa (SSA) had 369 neu-
rosurgeons (ratio 1:2,395,000) [5]. Despite the disparities in distribution, there has
been some progress in the distribution of neurosurgeons [6]. Recent data show a
ratio is 1/80,000 in HIC [7]. So, we might say that there is a significant lack of neu-
rosurgeons in LMIC.

Also the condition of infrastructure for healthcare services is poor in LMIC. A
recent evaluation by the United Nations documented that steady electricity was
found in only 35% of surveyed district hospitals in 12 SSA countries and oxygen
sources were only available for 40% of surveyed surgical hospitals in East Africa
[8]. The availability of consistent running water, which is an essential component,
was found in only 20% of surveyed hospitals in Sierra Leone [8]. Before advancing
with the evaluation, we want to underline the truth: “Healthcare infrastructure in
LMIC is insufficient to even meet basic needs.”

Cerebrovascular diseases (CD) are a global health problem. CD are the second
cause of death in developed countries, the first cause of disability in adults, and the
second cause of dementia [9]. Stroke constitutes a major health problem with 15
million people afflicted each year, resulting in 5 million deaths annually (10% of all
deaths worldwide) leaving an additional 5 million people with a permanent disabil-
ity [10]. The burden of cerebrovascular diseases for the economy of developing
countries is heavy. Over the past decades, HICs have seen a significant decrease
both in incidence (29%) and mortality (25%) for stroke [10]. It is expected that with
the aging of the general population, developing countries will suffer more and more
from the economic burden of these disease processes and must therefore organize
their resources to manage patients both in the acute emergency setting and chronic
patient care [10]. Another problem in the management of CD is the challenging
nature of cerebrovascular surgery. Surgeries for aneurysm or arteriovenous malfor-
mations need careful preoperative evaluations in order to understand the hemody-
namics of the vascular lesions as well as normal and pathologic anatomy. The
surgical technique needs to be refined requiring long periods of surgical training.
Yet this specialized surgery is often required in an emerging setting.

Brief History of Cerebrovascular Neurosurgery

Cerebrovascular pathologies and their impact on society have been known through-
out the centuries. The Egyptian physician Imhotep performed anatomic observa-
tions and described for the first time an arterial aneurysm in Ebers Papyrus [11].
Anatolian physicians like Flaenius Rufus of Ephesus described a posttraumatic
aneurysm for the first time, and Galen of Pergamum also made important contribu-
tions to the history of cerebrovascular diseases [11]. However, modern understand-
ing of cerebral vasculature and first attempts of surgical treatment based on scientific
background date back only to the eighteenth century, when John Hunter proposed
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treatment of an aneurysm through ligation of the proximal feeding artery in 1748,
referred to this day as Hunterian ligation [12]. Cooper, Cogswell, and Horsley mod-
ified this technique [11, 12]; however, mortality and morbidity rates continued to be
very high. Harvey Cushing further advanced the treatment of intracranial aneurysms
and described “wrapping” and “packing” techniques. He formulated the idea of
silver surgical clips in 1911 [12], although his “rival” Walter Dandy is credited to be
the first one to utilize a surgical clip in 1945 to treat an internal carotid artery aneu-
rysm [13].

Hunter was also known for the first description of an extracranial arteriovenous
malformation (AVM) [14]. However, Rudolf Virchow, a German pathologist, was
the first to describe and differentiate AVMs in 1863 [14]. In 1888, D’ Arcy Power,
during an autopsy, was the first surgeon to recognize a Sylvian fissure AVM with
associated hemorrhage which had resulted in the patient death [14]. Davide
Giordano, an Italian surgeon, in 1889, was the first one to attempt surgical treatment
of an AVM by ligating proximal feeding arteries [14]. Dandy, Cushing, and Percival
Bailey from the USA reported surgically treated cases in the 1920s which were
associated with very high mortality and morbidity rates [14]. Herbert Olivecrona
from Sweden was the first neurosurgeon to successfully and totally remove a cere-
bellar AVM in 1932 and was able to operate on several others with a much lower
mortality than his predecessors [14].

A major impetus for the further refinement of diagnosis and treatment of cere-
brovascular diseases came with the invention of cerebral angiography by Egas
Moniz in 1927 [11]. The impact of cerebral angiography was enormous for better
understanding of the pathology and the anatomy underlying these conditions which
enabled surgeons to better plan their surgery. In 1944, Dandy reported a mortality
rate of 25% in 36 surgically treated aneurysm patients [13]. However, despite these
technological advances, surgical morbidity and mortality rates remained consider-
ably high in the 1950s and 1960s. The surgical approaches for aneurysms mainly
consisted of a large bicoronal scalp flap, a unilateral frontal or bifrontal craniotomy,
and a subfrontal or frontolateral approach [12]. The introduction of the surgical
microscope with the goal of improving both illumination and visualization of the
surgical field was a revolutionary step which paved the way to the development of
microneurosurgery as we know it today. Kurze, Pool, and Colton, Rand and Janetta,
and Lougheed and Marshall were among the pioneers who published their early
experiences with microscopic technique [12]. It was not until the monumental work
of M. Gazi Yasargil that the advantages of the microscope were fully recognized and
the microscope became routinely adopted and utilized around the world [15-17].
Yagargil was also the first neurosurgeon in 1969 to publish his results on AVMs
treated with pure microsurgical technique with excellent outcomes [14]. Several
other surgeons, including Pia, Wilson, Malis, Stein, Parkinson, Sundt, and Nornes,
followed establishing the modern microsurgical treatment of AVMs [14]. Albert
Rhoton Jr. with his studies on the microsurgical anatomy of the brain and its vascu-
lature played a critically important role in our understanding and further refinement
of cerebrovascular anatomy as it applies to microneurosurgery [18-21].
Simultaneously, Charles G. Drake pioneered and refined bold approaches to
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challenging posterior circulation aneurysms [12]. Thanks to these efforts, a new
generation of neurosurgeons, including among others Dolenc, Tew, Samson, and
Spetzler, became very proficient and further contributed to the development of the
specialty [11, 12]. Very impactful and highly cited were the contributions of Robert
Spetzler to our understanding of AVM angioarchitecture and their classification to
plan surgical strategies and better predict surgical risk and outcomes [14].
Developments of imaging technologies, primarily the introduction of CT scan-
ners in the 1970s and later MRI, were instrumental in increasing the indications for
and improving the safety of surgery. Moreover, further refinements of digital sub-
traction angiography and development of microcatheters able to be navigated safely
through the tortuosities of the intracranial vasculature led to the development of a
brand new field, surgical neuroradiology or interventional neuroradiology.
Milestones in this process were the seminal work by Serbinenko in the 1970s who
reported successful treatment of intracranial aneurysms and caroticocavernous fis-
tulas with detachable balloons and by Guglielmi who developed detachable coil
embolization system in 1990 [11]. Nowadays, endovascular techniques allow us to
treat effectively many intracranial aneurysms; dural, spinal, and intracranial fistulas;
extra- and intracranial stenosis; and acute ischemic stroke and are a valid adjunct in
the treatment of intracranial AVMs [11]. More technological advances in the field of
functional MRI (fMRI) and diffusion tensor imaging (DTI) have improved surgical
management and planning especially as it applies to AVMs and cavernous angiomas.

Current Status of Vascular Neurosurgery

Over the last two decades, there has been further evolution of the instruments and
technical armamentarium available to neurosurgeons which brought important
changes to vascular neurosurgery. Perhaps the top three major improvements
include the “non-stick” bipolar forceps [22], the intraoperative angiography (with
indocyanine green or the more recent sodium fluorescein) [23, 24], and the improved
safety of surgery through the utilization of intraoperative neuromonitoring [25].
Other improvements worth mentioning include newer aneurysm clips which have
increased enormously the angle of approach to intracranial aneurysms, intraopera-
tive imaging techniques such as the ultrasound with micro-bubble contrast, and
intraoperative Angio suite as part of “hybrid” rooms. Where intraoperative angiog-
raphy is not sufficient to put at rest the surgeon’s mind, intraoperative micro-Doppler
flow meter can ensure that the flow is sufficient and there is no risk for an ischemic
event [26, 27].

Contemporary surgery has routinely become minimally invasive, especially for
aneurysms with reduced use of retractors and consequential less brain damage with
improvements especially of cognitive outcomes thanks to these techniques. In the
next few paragraphs, we will specifically address some of the newer developments
as they apply to AVM surgery, aneurysm surgery, cavernous angioma surgery, and
carotid surgery.
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AVM Surgery

After an initial decline following the shock generated by the ARUBA study [28] and
the animated discussion which followed this controversial study, attention toward
invasive treatment of AVMs has increased and progressively oriented toward con-
centration of cases in centers with high caseload. The concentration of the disease
in centers with greater expertise has always been a key for better clinical results but
difficult to achieve. The consequences of the critical re-evaluation of AVM treat-
ment following the ARUBA study have shifted definitive treatment primarily toward
surgical and radiosurgical treatment, with an overall reduction of endovascular tech-
niques as a curative option, although these trends are highly variable depending on
local logistics.

New instrumentation (“non-stick” bipolar — laser) and intraoperative visualiza-
tion devices (NA* fluorescein — ICG — Ecography) have had an important impact on
surgical outcomes allowing safer surgical resection. AVM treatment is a true exam-
ple in medicine of multidisciplinary treatment in which the different potential of
each available treatment (surgical, endovascular, and radiosurgical) is integrated
into a therapeutic path that must be defined from the beginning. The European con-
sensus conference [29] has highlighted the risk of initiating treatment without a
well-defined a priori strategy.

Furthermore, the combined treatment of selective embolization procedures and
radiosurgery scheduled over the course of months or years allows some AVMs
judged inoperable until a few years ago to be reduced in size so that they can be
surgically resected with good clinical results. In recent years, transvenous endovas-
cular and even surgical approaches focused on the “venous” component of the AVM
have been proposed and represent an interesting and evolving field.

Aneurysm Surgery

Aneurysm surgery has massively declined in numbers in HICs. There has been a
clear shift toward endovascular procedures for several reasons. Since the
International Subarachnoid Aneurysm Trial (ISAT) study [30], technological evolu-
tion of intravascular devices (extra- and intrasaccular flow diverters, low-profile
stents, etc.) has further expanded endovascular indications and treatment options.
Endovascular procedures require less time than open surgery. The treatment of a
ruptured aneurysm can be safely completed in half an hour, compared to an average
of 3—4 hours for surgical clipping. Surgical clipping of aneurysms still constitutes
the very end of training for neurosurgeons and requires hours and hours of dedica-
tion and a caseload to maintain adequate skills that nowadays is very difficult to
achieve for younger generations [31]. The opposite is happening in endovascular
procedures that continue to improve and be highly dependent on technology and
have a shorter learning curve. Busy neurosurgeons are also more inclined to refer
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challenging aneurysm cases to endovascular specialists. This is happening despite
the fact that aneurysm microsurgery has undergone positive changes over the past
few years which have reduced surgical invasiveness with greatly reduced postopera-
tive hospital stays. The increasingly widespread use of intraoperative monitoring
and intraoperative ICG fluorescein angiography and minimal use of mechanical
retractors make aneurysm surgery very safe minimizing the risks of inadvertent
compromise of the parent artery, closure of a perforating vessel, or brain damage.

On the other end, endovascular therapies are effective in preventing rebleeding
as long-term follow-up of ruptured and unruptured intracranial aneurysms shows
that the risks of rebleeding are not as high as originally feared despite some degree
of compaction after coiling or small recurrences after intrasaccular flow disrupters.
There are no important differences in outcome between the two methods, particu-
larly for anterior circulation as confirmed by the Collaborative Unruptured
Endovascular versus Surgery Trial 2017 (CURES) [32]. In recent years, there has
been also a progressive decrease in the number of treatment of small, unruptured
aneurysms given their exceedingly low risk of rupture, while imaging studies of the
aneurysm wall are being developed, even though at present their role remains purely
speculative. After aneurysmal subarachnoid hemorrhage (SAH), the use of pharma-
cological agents either intravenously or intraarterially through direct catheter injec-
tion and cerebrospinal fluid removal has greatly reduced the incidence of malignant
vasospasm.

The need of bypasses for giant aneurysms has decreased with the development
of effective flow diverter stents. Nevertheless, it remains a valid option in selected
cases which further reinforces the need for concentrating this pathology in a few
tertiary and quaternary referral centers where surgeons can maintain the required
dedicated skills.

Cavernous Angioma Surgery

The literature shows that cavernous angiomas have a relatively low morbidity after
bleeding when compared to other intracranial vascular pathologies. This consider-
ation stresses the importance of paying very close attention to indications for inva-
sive surgical treatment especially in asymptomatic patients or in those with
symptomatic deep lesions or in high eloquent locations. Surgery of cavernous angi-
omas of the brainstem continues to be characterized by an important rate of compli-
cations given the high eloquent area despite marked improvements in surgical
techniques and anatomical knowledge and widespread use of neurophysiological
monitoring. Therefore, surgical indications even for a cavernous angioma which has
bled only once and does not come to a brain or ependymal surface should be care-
fully considered [33, 34].

Initial enthusiasm for the pharmacological interventions with drugs such as pro-
pranolol which seemed to reduce the risk of bleeding in anecdotical cases or small
series was probably unfounded, and clinical trials are required to show effectiveness
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of other drugs such as aspirin, which paradoxically seems to be a promising agent
in reducing the incidence of bleeding from symptomatic and asymptomatic cavern-
ous angiomas. The role of radiosurgery in the control of cavernoma bleeding is still
controversial, although an increasing number of centers are reporting encouraging
results suggesting possible reduction in bleeding episodes over the years following
treatment. Radiosurgery may be considered a possible alternative to surgery in truly
inoperable lesions. Further developments in the understanding of cavernous angio-
mas and their treatment will emerge as the role of the associated deep venous anom-
aly (DVA) in the genesis and recurrence of cavernous angiomas is better defined and
the role of genetic factors better understood.

Carotid Surgery

Treatment of carotid artery stenosis has received a lot of attention in the past few
decades due to the completion of multiple multicenter randomized clinical trials
which have defined indications for invasive treatment and the respective role of
medical, surgical, and endovascular treatment. Treatment of carotid stenosis con-
sists of best medical treatment (BMT) and carotid revascularization by either carotid
endarterectomy (CEA) or carotid artery stenting (CAS). Revascularization tech-
niques carry procedural risks, which reinforces the importance of proper patient
selection. National and International Societies guidelines have been developed to
guide treatment decisions and continue to be updated as new information emerges.
Overall, CEA is indicated in symptomatic patients with recent symptoms and
greater than 50% carotid stenosis. Carotid angioplasty and stenting is a valid alter-
native to CEA in patients considered to be high-risk surgical candidates such as
those with prior radiation to the neck, restenosis after prior CEA, “hostile neck,” and
high-riding bifurcation and those with important medical comorbidities. Treatment
of asymptomatic carotid stenosis is controversial irrespective of the degree of steno-
sis because of the very low risk of ipsilateral ischemic event with best medical
therapy [35]. Invasive treatment of asymptomatic patients should be considered
with caution and only in very selected cases, while participation of these patients in
some of the ongoing trials comparing best medical therapy to revascularization
should be considered and encouraged.

Acute Ischemic Stroke

The treatment of acute ischemic stroke has undergone a revolution in the past few
decades. Immediate evaluation of patients with acute ischemic stroke for possible
administration of intravenous thrombolysis and consideration of mechanical throm-
bectomy in those with large vessel occlusion have become mainstay of treatment in
developed countries, and this approach has been supported by large-scale
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randomized clinical trials. The ability of providing organized and prompt care under
urgent circumstances in these patients has represented and still represents an ongo-
ing challenge for healthcare organizations throughout the globe and has led to the
development of primary stroke centers. Moreover, the risk of intraparenchymal
hemorrhage after pharmacological and endovascular treatment of acute ischemic
stroke requires the immediate availability of neurosurgeons able to deal with such
complications. Decompressive craniectomy in selected patients with malignant
middle cerebral artery infarct has also been affirmed in well-conducted studies and
has become an integral part of the therapeutic management of acute ischemic stroke.

Current Status of Cerebrovascular Surgery Across the Globe

Despite the advances above summarized, the distribution and availability of cere-
brovascular surgery varies greatly across the world. In an attempt to have a snapshot
of the current status of cerebrovascular surgery in 20 different nations and areas of
the 5 continents, we have conducted an informal survey in preparation of this
chapter.

The World Federation of Neurosurgical Societies (WFNS) cerebrovascular com-
mittee, under the chairmanship of Prof. Talat Kiris, was requested to provide an
overview of neurovascular services available globally, with special emphasis on
resources in LMIC. In order to address this rather ambitious task, colleagues from
each continental region were selected. This chapter reflects the efforts undertaken
by this group. It is hoped that this will provide an opportunity to understand the cur-
rent status and, hopefully, lead to a broader discussion among global neurosurgical
leaders. The ultimate aim of any such endeavor is, of course, to address the chal-
lenges faced in many regions of the world, in an attempt to provide an acceptable
level of care to its respective population. This modest study does not in any way
wish to provide a readily available solution. In seeking to highlight the current sta-
tus, it is hoped that attempts will follow to determine how best the neurosurgical
community may work together to find solutions to improve the care of patients with
neurovascular pathologies across the world.

The group commenced its agenda, by formulating a survey that was sent out
through its committee members to all continental societies, with a plea to have the
survey conducted in as many centers as possible, within their respective jurisdic-
tion. Table 5.1 shows the characteristics of the survey responders. A large body of

Table 5.1 Survey responders’ characteristics

Yes No
National neurosurgical societies (NNS) in LMIC 94.30% 5.70%
NNS member of the continental society 83.10% 9.70%
NNS member of the World Federation of 84.60% 14.60%
Neurosurgeon (WENS)
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respondents belong to a neurosurgical society and were represented within their
national and/or continental association, which in turn was represented in the World
Federation (WFNS) in over 84.6% of respondents. This is encouraging, as it indi-
cates the possibility for such services to be enhanced, especially in LMICs, through
initiatives channeled through the WENS and its committees.

Figure 5.1 shows the distribution of neurosurgeons and neurosurgical centers
within each teaching facility that participated to the survey. Approximately 1/3 of
patients with SAH (Fig. 5.2) and with ischemic stroke must travel more than 100 km
to reach a facility with cerebrovascular or endovascular center, respectively. A simi-
lar trend was noted for patients sustaining an embolic stroke, whereby over 67%
would be required to travel more than 400 km to access a facility that had the capac-
ity to offer mechanical thrombectomy. The percentage of hospital with facilities
able to perform endovascular thrombectomy is shown in Fig. 5.3. The ratio of clip-
ping versus coiling is summarized in Fig. 5.4. Table 5.2 summarizes the distribution
of facilities that can perform open or closed treatment of cerebrovascular aneu-
rysms. Table 5.3 shows that 17% of responders did not have facilities with endovas-
cular capabilities, while only 1% did not have capability to perform open surgery to
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Fig. 5.1 Neurosurgeons and neurosurgical centers with teaching facilities
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clip an aneurysm. In the operating rooms, 89% of neurosurgeons responding to this
survey had an advanced or highly advanced microscope to clip aneurysms, with
only 7% having manual microscopes without coaxial eyepiece or camera.
Postoperatively, 10% of respondents noted that they do not have access to rehabili-
tation facilities for their patients.
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Table 5.2 Neuro-interventional procedures
1-5 6-10 |>10
Neurovascular facilities that can embolize an aneurysm | 16.50% | 28.10% | 6.60% | 48.80%
Neurovascular facilities that can clip an aneurysm 0.80% | 30% 9.20% | 605

Table 5.3 (A) Availability of endovascular neuroradiology equipment and physicians. (B)

Endovascular neuroradiology physicians

(A)
0 12 3-5 >5 >10 20

to 40
Neurosurgical centers that have 1.60% | 6.50% | 11.30% | 4% 75% 1.60%
facilities for CT angiography?
Neurosurgical centers that have 1.60% | 10.50%  5.60% |5.60% |75% 1.60%
facilities for MR angiography?
Neurosurgical centers that have 7.30% | 10.50% 4.80% | 16.90% | 58.90% | 1.60%
facilities for digital subtraction
angiography
Neurosurgical centers in your country | 7.30% |8.60% |12.90% | 21.60% | 46.60% | 1.70%
that have facilities for monoplane cath
labs
Number of interventional 7.30% 9.70% | 8.10% | 17.70% 2.40% |52.45
neurosurgeons in LMIC
Bi-plane cath labs in LMIC 11% 25.40%  5.90% | 15.30% | 40.7 1.70%
B)

0 1-2 3-5 >5 >10 20

to 40
Interventional physicians 7.30% | 11.40% | 17.90% | 10.60% | 51.20% | 1.60%
(neurosurgeons)
Interventional physicians 9.70% |9.710% |8.10% |17.70% |2.40% |52.40%
(neuroradiologists)
Interventional physicians (neurologists) | 38.80% | 12.40% | 10.70% | 6.60% | 29.80% | 38.80%

While the cost of neurovascular treatment in private care facilities is understand-
ably high, due to absence of government support to the private care institutions
(Fig. 5.5), the cost remains prohibitive even in public sector institutions, where the
government pays for the care (Fig. 5.6). This implies that for such care, even if
facilities are available in public sector hospitals in LMIC, the service may actually
not be available consistently due to low budget allocation in LMICs.

The availability of neurosurgical equipment remains a challenge in LMIC
regions, as does the facilities for effective neurorehabilitation (Figs. 5.7 and 5.8,

respectively).

In summary, and not surprisingly, the survey points to a three-tier categorization
of cerebrovascular services globally:

e Tier 1 — Absence of neurovascular facilities, mainly in LMIC regions. This
appears to be a smaller percentage than one would have expected and may be
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reflected by the nature of our survey. In reality, this Tier 1 group is likely to be
much larger. A broader survey may be required to identify this group.

Tier 2 — This appears to be the majority, whereby medium-level care is available
to patients, but is not readily available within a reasonable distance.

Tier 3 — These countries are largely in Western regions. A smaller global popula-
tion has access to the highest level of care within acceptable distances and utiliz-
ing expensive and state-of-art facilities.

The challenge faced by cerebrovascular surgeons is to develop ways as a global

community to ensure that the larger majority of patients residing in LMIC regions
have improved access to acceptable levels of care. A collaborative effort with our
national and continental societies to achieve this goal is desirable to meet this goal.
Coordination of care focusing resources in centralized centers with adequate exper-
tise and technological support is key to make this objective possible.
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Chapter 6
The Role of Neurosurgery in Global
Health Oncology

Check for
updates

Claire Karekezi, Fumio Yamaguchi, Di Meco Francesco, Marcos Maldaun,
and Edjah K. Nduom

Introduction

Primary brain tumors and other central nervous system (CNS) malignancies are
quite rare; the overall incidence rate is estimated as 11/100,000 persons per year,
with estimates of incidence rates ranging from 00.1/100,000 (pineal tumors) to
26/100,000 (all primary brain tumors) [1]. Their worldwide incidence is, on the
other hand, not well documented. Available data may not reflect the real picture due
to incomplete information among various regions, countries, and continents
(Fig. 6.1) [2]. CNS tumors are very heterogeneous and vary by histological types
[1, 3]. They are categorized into 29 histologic groups according to the World Health
Organization (WHO) classification of tumors of the CNS. Histological types also
vary significantly not only in their incidence but also in their presentation, treatment
regimens, and prognosis [4, 5]. Gliomas account for the largest proportion of malig-
nant brain tumors. CNS tumors affect both children and adults. They can be located
in all CNS anatomical regions, with the vast majority (>90%) occurring in the brain,
the rest occurring in the meninges, spinal cord, and cranial nerves [3].
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Fig. 6.1 2019 estimated global prevalence rate of brain tumors. (Data from the Global Burden of
Disease [2])

In addition to primary brain tumors, the CNS is also affected by metastatic brain
tumors. Brain metastases are the most commonly diagnosed CNS tumor in North
America, with an estimated occurrence 10 times as frequent as malignant primary
brain tumor. Their incidence has been increasing over the years. Factors responsible
for this increase include the increased population longevity, the increased overall
survival of patients with primary cancers due to improved treatments, and the
greater sensitivity/availability of diagnostic modalities.

Although rare compared to other tumors, brain and other CNS tumors cause
morbidity and mortality that are disproportionate to their incidence. They are very
destructive, interfering with the normal function of the nervous system [4-6]. The
field of neuro-oncology and neurosurgical oncology, which study primary and met-
astatic brain tumors and their treatment, has seen tremendous evolution over the
past 30 years. The growth and success of this field has been made possible due to
the research focused on better understanding these tumors, but additional work is
needed. The continued development of emerging therapeutic strategies will require
the constant scientific work of dedicated physicians and scientists [6].

In the early 1970s, few physicians and researchers were studying brain tumors;
the first Conference on Brain Tumor Research and Therapy held at Asilomar, CA
(USA), in 1975, attracted only 35 scientists [6]. The breakthroughs achieved since
then in the deep understanding of brain anatomy, advances in neuroimaging and
neuronavigation, continued evolution of microsurgical techniques, data on the
importance of extent of resection, improved brain mapping, and introduction of new
therapeutics, technologies, and innovations led to the implementation of modern
subspecialized neurosurgical oncology, with significant positive impact on the field
of neuro-oncology. There are now neuro-oncological organizations in Africa, Asia,
Europe, and North/South America with combined membership estimates number-
ing in the thousands worldwide.
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Beyond neurosurgical techniques, imaging, and diagnostic improvements, one of
the most significant advances in neuro-oncology in recent years has been the under-
standing of the biology and molecular patterns of different CNS tumor types and
subtypes. This led to the most recent revision of the WHO classification of CNS
tumors that includes, for the first time, results from molecular diagnostic testing as
part of the final integrated diagnosis [5]. These developments had an impact not
only on how we treat patients with brain tumors after surgery, but it has also changed
the surgical approach in selected patients [7, 8].

Neuro-oncology Across the Globe
Africa
The Neuro-oncology Disease Burden in Africa

The global burden of cancer has been increasing progressively, according to the
World Health Organization [9]. The GLOBOCAN 2018 estimated globally 18.1
million new cases of cancer and 9.6 million deaths from cancer at the end of 2018
[10]. The current situation regarding any cancer remains quite challenging in Africa;
according to predictions from the International Agency for Research on Cancer
(IARC), there is an ever-increasing cancer burden over the next decades, particu-
larly in low- and middle-income countries (LMIC), with over 20 million new cancer
cases expected globally, annually as early as 2025 [10].

CNS tumors have been thought to be uncommon in Africa. However, with the
current increase in life expectancy across the continent, we have seen the incidence
of brain tumors increasing. Accordingly, the perception about rarity of brain tumors
in the African population has changed. Unfortunately, the lack of organized national
and continent-wide databases of CNS tumors makes their incidence unclear [11].
Challenges also exist at different levels from underdiagnoses/improper assessment,
lack of appropriate medical imaging, poor histopathological diagnosis, and insuffi-
cient neurosurgical treatment to radiotherapy and oncology service deficiencies.
Currently, these cases are often managed by generalists, and the lack of specialized
team management of these tumors remains a huge barrier to successful neuro-
oncological management that would lead to equivalent clinical results to those
achieved in HICs [12—-14]. Little information exists on the incidence of CNS cancer
and brain tumors in Africa especially the sub-Saharan African region. The available
data in the literature are not homogeneous, and they largely arise from various
reports of single institutions. The paucity of reliable and adequate brain tumor reg-
istries makes the true incidence of CNS tumors on the African continent unknown.

Morocco and Egypt dominate the North African literature on CNS tumors, but
series remain mixed and heterogeneous. An Egyptian team [15] which reviewed the
incidence of CNS tumors over 5 years, all ages included, in one tertiary hospital in
Cairo reported 996 cases, combined. They found a high proportion of gliomas
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(35%), followed by meningiomas (33.3%) and pituitary adenoma (15.6%); most
tumors were found in the adult population. A previously published manuscript on
the epidemiology of pediatric intracranial neoplasms in Egypt [16] found 451 cases
over a period of 3 years aged between 0 and 14 years, and most tumors were reported
to be infratentorial, and the majority were astrocytomas (35%), medulloblastomas
(18.8%), and craniopharyngiomas (11%). A similar study done in Morocco [17]
reviewed pediatric patients aged from 0 to 19 years in the two big cities of Rabat and
Casablanca and found 542 cases; medulloblastoma was the most common brain
tumor (34.5%), followed by pilocytic astrocytoma (17.3%) and diffuse astrocytoma
grade II (12.5%).

In the West African literature, Nigeria, the country with the largest population in
Africa and approximately 1 neurosurgeon for every 2.4 million people, has more
papers published from different neurosurgical centers with existing neuro-oncology
care. The first study on CNS tumors in Nigeria was published in early 2000 [18]
from Ibadan (southwestern Nigeria); this study reviewed brain tumor cases over a
period of 10 years (1980-1990); there were 210 histologically confirmed CNS cases
among them. 172 of these lesions were primary and 48 secondary neoplasms. The
majority of patients were adults (135 adults vs 75 children, ratio 1.8:1). Gliomas
accounted for the largest group of tumors followed by metastases to the brain; cra-
niopharyngioma was the most common tumor in children.

In East and Central Africa, little data exist. The CURE Children’s Hospital
neurosurgical team in the northern part of Uganda reported 172 pediatric tumor
cases over a period of 8 years (2002-2012). Glial tumors were the most common
[60] (34.8%). Other tumors included ependymal tumors [28] (16.3%), embryonal
tumors [26] (15.2%), craniopharyngiomas [17] (9.9%), and choroid plexus tumors
[16] (9.3%). They estimated average annual incidence of less than 0.1 per 100,000
of pediatric brain tumors in their region [19].

One of the largest studies [20] on pediatric brain tumors conducted at the
University of Cape Town in South Africa reviewing pediatric tumor cases over
20 years from 1996 to 2017 revealed about 554 cases, primary brain tumors were
more common among males (55.4%), and most tumors were located supratentori-
ally (52%). Commonest tumors revealed to be astrocytomas (20.3%) followed by
medulloblastomas (19.1%) and craniopharyngiomas (9.8%).

Limitations in the Accurate Assessment of the Neuro-oncology
Disease Burden

There is no complete data describing the status of brain tumors on the African con-
tinent, as the above series are not representative of whole continent. The observed
variations in the incidence of CNS tumors by countries seem to be related to differ-
ent levels of resources and could partly be explained by contrasts in health system
infrastructure, access to care, and availability of diagnostic services [12—14].
Regions and cities within countries also differ in numbers; this is due to the dispar-
ity that exists between the well-established field of neurosurgery in the northern/
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southern part of Africa and the rest of SSA [12, 15, 18]. For most SSA countries,
access to neuro-oncology care remains insufficient; diagnosis and treatment options
are extremely limited by constraints of economy, infrastructure, and security
[13, 14]. In addition, the ratio of neurosurgeons or other dedicated physicians to
population is still low; most neurosurgical pathologies will go misdiagnosed with
the majority of brain tumors diagnosed at very late stages. These late diagnoses lead
to high morbidity and mortality rates. Additionally, the high rate of patients lost to
follow-up also makes the little available data incomplete.

Neuro-oncology Education and the Way Forward

The number of neurosurgeons is gradually increasing in Africa. Recent reports
count more than 1300 neurosurgeons (WFNS Map) for 1.349 billion people on the
continent [21]. However, their distribution remains non-homogeneous on the conti-
nent. There is a severe deficit of neurosurgeons in SSA countries who have only
around 512 neurosurgeons. These neurosurgeons are mostly occupied with respond-
ing to the high trauma burden on the continent due to poor transportation infrastruc-
ture. Experts with exclusive dedication to the neuro-oncology field are still very
few. Medical centers with established neuro-oncology facilities and oncologic cen-
ters are even more scarce, and only a few medical professionals have had further
subspecialty training in neuro-oncology. The creation of societies like SNOSSA
(Society for Neuro-Oncology Sub-Saharan Africa), formally established at its first
meeting in July of 2018, will boost the education on brain/spinal cord tumors by
allowing collaboration and exchange with other established worldwide societies.
We hope that this interaction will provide a blueprint to foster better care for patients
with CNS tumors in the region in the future.

Asia
The Neuro-oncology Disease Burden in Asia

Asia is a large and diverse continent, with several countries having a range of health
infrastructure and neurosurgical workforce. In Asia, there are many countries which
have different development status. The equivalent age to global average 65-year-
olds varies from 76.1 years of Japan and 66.0 of China to 59.6 of India [22]. The
incident cases of CNS cancer in 2016 are high in East Asia (10,800) followed by
Western Europe (49,000) and South Asia (31,000) [23]. Age-standardized incident
rate of CNS cancer is especially high in China (106,207). Age-standardized
disability-adjusted life years (DALYs) of CNS cancer in Asia are as follows, 44.76
(Japan), 53.65 (Vietnam), 65.83 (India), 69.65 (South Korea), 88.47 (Philippines),
70.14 (South Asia), 84.60 (Southeast Asia), 131.54 (East Asia), 132.67 (China),
148.34 (Central Asia), and 164.52 (Turkey), compared to 118.94 (USA). These
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values are largely different depending on areas and countries which have different
medical standards. Here, we focus on Japan, due to the author’s familiarity with the
country and the high standard of neurosurgical quality in the country, comparable to
the United States and European countries.

Brief History of Neuro-oncology in Japan

Japanese modern neurosurgery started in the Meiji era (1868 to 1912). Prior, most
medical knowledge was imported from China, Portugal, and the Netherlands. The
Meiji Restoration changed the structure of medical administration of Japan, and
then German and British medicines were introduced to the country. Unlike other
medical fields, most neurosurgical training techniques were introduced from the
United States by the pioneers of Japanese neurosurgery. According to the literature,
the history of modern neuro-oncological surgery in Japan started with a brain tumor
resection in 1905 [24]. This was followed by resections of spinal tumors (1911)
[25], transsphenoidal surgery (TSS) for pituitary tumor (1914), transcranial pitu-
itary surgery (1925), and glioma resections using “Bovie” electrocautery in 1931.

The Second World War slowed down medical research activity in Japan. However,
after the end of war, neurosurgical research activity resumed. The first academic meet-
ing of Japanese neurosurgery was held in 1948, hosted by Dr. Makoto Saito. Then,
Dr. Mizuho Nakata [26], one of the pioneers of Japanese neurosurgery, reported the
total resection of pineal tumors in 1952. In radiotherapy, the first boron neutron cap-
ture therapy in Japan was performed in 1968 [27]. In 1975, the first CT scan was
introduced at Tokyo Women’s Medical University [25]. Following this, diagnostic
capabilities significantly progressed. The number of neurosurgical patients in Japan
has increased due to this increase in capabilities. Japanese surgeons reported the resec-
tion of acoustic tumors via an extended middle cranial fossa approach in 1976 [28].

Basic research by Japanese neurosurgeons also gradually progressed in this time
period; Japanese neurosurgeons reported on the method of diagnosis and treatment
for brain tumors by monoclonal antibody in 1983 [29] and reported CSF PLAP as a
tumor marker in intracranial germinoma in 1988 [30, 31]. Further, another group
provided proof of hypoxia in malignant brain tumors in 1991 [32]. Technological
development is a hallmark of Japanese neurosurgeons [25]. The world’s first neuro-
navigation machine was developed in 1987, followed by reports of radiosurgery by
LINAC (1992) [33], awake surgery using propofol (1995) [34], and gene therapy for
malignant brain tumors (2000) [35].

The Japanese Brain Tumor Registry

The Japanese registry of brain tumors started in 1973, and it has been updated every
3 years [36].
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Recently, the 14th edition was published in 2017 [37]. Based on this database,
the number of primary brain tumor and metastatic brain tumor is 16,277 and 3200
individually in 2005-2008. Primary brain tumors consist mainly of glioma (23.9%),
meningioma (23.9%), neurinoma (8.6%), and pituitary adenoma (16.8%). The
number of glioblastoma patients is 2006, and its median overall survival (mOS) and
median progression-free survival (mPFS) are 18.0 and 11.0 months individually.
The detailed information of every tumor is in the database which can be down-
loaded from the journal. Furthermore, the Japan Neurosurgical Society has started
to request to register all hospital-admitted patients in Japan Neurosurgical Database
(JND). Those activities accelerate comprehension of the current situation of neuro-
surgical patients in Japan.

Neuro-oncology Care in Japan

The present form of the Japanese universal healthcare system was started in 1961.
All citizens of Japan have access to advanced medical care through this health insur-
ance system. However, free medical care for elderly patients over 65 years old has
ended, due to Japanese financial stringency. Currently, 10-30% of the cost of care
is self-covered, on an income-based scale. The government does fully support the
medical care of the poor people of Japan.

There are 2472 hospital-based neurosurgical services in Japan, covering 32.0%
of all hospitals in Japan. In Japan, there are 95 university hospitals and 32 cancer
centers, and these have neurosurgical departments providing neuro-oncological ser-
vices. In total, asia neurosurgical clinics number is 1562, representing 1.6% of all
clinics in Japan. The number of Japanese board-certified neurosurgeons is approxi-
mately 6000, with a population of 127 million in 2018, and Japan has a neurosur-
geon/inhabitant ratio of 1/21,000. Not all neurosurgeons perform surgery, since
Japanese neurosurgeons also treat diseases such as headache, dizziness, epilepsy,
and cerebral infarction, which are dealt by neurologists in the United States and
many Western countries. Since there are no neuro-oncologists in Japan, neurosur-
geons cover not only surgery but also postoperative chemotherapy for CNS tumor
patients. Boosted by rapid economic growth, Japanese medical devices have greatly
increased, recently. In 2017, the ratio of CT scanner to population was 111.49/1
million, and the ratio for MRIs was 51.7/1 million, exceeding the ratio in the
United States.

Although the number of CT and MRI machines is quite high, that of radiothera-
peutic device is relatively low with a ratio of 6.83/1 million compared 11.73/1
million in the United States. Due to the diversification of radiation therapy for
CNS tumors in recent years, the technologies, such as LINAC, IMRT, Gamma
Knife, and CyberKnife, are all available and used according to the disease and
location.
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Neuro-oncology Education

The board examination for certified neurosurgeons is one of the most difficult
examinations in Japan. It contains highly detailed questions also on neuro-oncology.
The education of neuro-oncology is usually included in the neurosurgical residency
program, and there are no independent neuro-oncological training courses or fel-
lowships. It is offered annually, and the pass rate is approximately 60 to 70%. The
education for residents and certified neurosurgeons is conducted by the Japan
Neurosurgical Society (JNS) and the Japanese Congress of Neurological Surgeons
(JCNS). To maintain the qualification as a certified neurosurgeon, attendance to
academic meetings and training courses authorized by JNS and JCNS and periodi-
cal reports of one’s clinical practice are required. According to the coming unprec-
edented aging society in Japan, the number of aged CNS tumor patients is expected
to increase. This will increase the demand for neurosurgical oncology services.

Europe
The Neuro-oncology Disease Burden in Europe

In Europe, the standardized (world) incidence of primary CNS malignant brain
tumors ranges from 4.5 to 11.2 cases per 100,000 men and from 1.6 to 8.5 per 100,000
women. The two most common CNS cancers, high-grade glioma and brain metasta-
sis, occur more frequently during adulthood and especially among the elderly. In
Europe, the peak of incidence is 18.5/100,000 in people aged 65 years; the relative
frequency of CNS tumors is, however, highest during childhood, when they account
for 23% of all tumors diagnosed [38]. In Europe, the 5-year survival rate in adults for
the primary CNS tumor is 17% for men and 19% for women (1995-2002) [39], with
differences across European regions [Table 6.1] [40]. Survivorship is higher among
young European patients (63%) as compared to the elderly ones [41].

In Europe, as for most Western countries, meningiomas are among the most com-
mon intracranial tumors, with an estimated incidence of § cases per 100,000 persons
per year. Up-to-date and detailed population-based data on the burden of meningio-
mas from European regions are sparse. A recent paper from Holleczek et al. [42, 45]
reported incidence, mortality, and outcome of meningiomas from a German popula-
tion study. Data from 992 patients who were diagnosed between 2000 and 2015
were included. In this study, the age-standardized incidence rate was found to be 2.5
and 5.8 cases per 100,000 men and women per year, respectively. Between 2000 and
2015, the incidence remained constant in both female and male populations with a
ratio of 2.53. Mean age at diagnosis was 63 years. WHO grading (2007 WHO clas-
sification) was available for 80% of the patients, of whom 70% had a benign menin-
gioma (WHO grade I), 28% had an atypical meningioma (grade II), and 2% had an
anaplastic meningioma (grade III). Higher proportions of atypical and anaplastic
meningiomas occurred in men (39%) than in women (27%), respectively.
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Table 6.1 Incidence (AAAIR, average annual age-adjusted incidence rate) per histology and
region [3]

Histology and region All Children AYA Older adults
ages (0-14) (15-39) (40+)

Astrocytic tumors

Northern Europe 2.98 0.58 1.38 6.63

Western Europe 3.59 0.50 1.38 8.45

Southern Europe 3.01 0.63 1.22 6.86

Oligodendroglial tumors and mixed

gliomas

Northern Europe 0.45 0.07 0.42 0.79

Western Europe 0.61 0.10 0.57 1.04

Southern Europe 0.37 - 0.36 0.62

Ependymal tumors

Northern Europe 0.22 0.25 0.16 0.27

Western Europe 0.23 0.26 0.18 0.28

Southern Europe 0.20 0.23 0.16 0.23

Medulloblastoma

Northern Europe 0.16 0.45 0.09 0.02

Western Europe 0.18 0.48 0.13 0.02

Southern Europe 0.22 0.58 0.16 0.02

Average Estimated Brain Tumor Economic Burden

According to Pugliatti et al. [43], the total economic burden for brain tumors is
about 567 million in purchasing power parity (€PPP). In particular, the costs are
subdivided into direct costs, direct non-medical costs, and indirect costs. Direct
costs include healthcare costs, such as inpatient care, outpatient care, drug costs,
and tests, and amount to 150 €PPP millions, approximately 25% of total cost.

Direct non-medical costs include costs associated with assistance from community
or social services; purchases like bed lift, rails, walking aids, wheelchairs, and house
adaptation; and informal care amounting to 36 €PPP millions, approximately 6% of
total costs. Indirect costs including lost production from absenteeism from work as well
as early retirement amount to 373 €PPP millions, approximately 69% of total cost.
Interestingly, as reported by Wittchen et al., an increase in total expenditure for brain
tumors in recent years has been noted [44]. Interestingly, as reported by Gustavsson
et al., an increase in total expenditure for brain tumors has been noted in recent years,
raising from 4586 €PPP millions in 2004 to 5174 €PPP millions in 2010 [44].

Neuro-oncology Training in Europe
Because of the composite cultural background among different nations, European

neurosurgical training programs are quite heterogeneous [45]. This poses difficul-
ties in comparing the different training regimens. Furthermore, the reduction of
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working hours for professionals (European community directive 2003/88/EC10)
has led to a contraction of trainees’ operating room attendance and surgical load
exposure [46, 47]. Reulen and Marz, in a thoughtful article on training conditions at
a major German neurosurgical department, estimated that an annual caseload of
250-300 procedures per resident would be required for adequate training, but it is
unclear whether European trainees meet those expectations [48].

Currently, in an effort to achieve uniformity among training programs, the EANS
(European Association of Neurosurgical Societies) and the UEMS (Union
Européenne des Médecins Spécialistes) meet regularly to evaluate and improve the
training of neurosurgical trainees in Europe [49]. Since 1994, UEMS has adopted its
own charter of postgraduate training, a document containing a series of recommen-
dations valid throughout Europe to ensure good medical training. This is composed
of six chapters: five are common to all specialties; the latter is specific to each dis-
cipline. This document emphasizes the importance of a training portfolio that col-
lects the surgical curriculum of trainees. UEMS has also published a list of key
procedures that the future neurosurgeon must acquire, with the minimum and opti-
mal number of specific procedures including oncological ones. For the time being,
however, across Europe, there are no structured subspecialty programs in
neuro-oncology.

North America
The Neuro-oncology Disease Burden in North America

Treatment for brain and spine tumors in North America, generally, and the United
States, specifically, harken back to the days of Harvey Cushing, after he returned
from his education in Europe [50]. While he practiced broadly in medicine and
neurosurgery, his 2000 brain tumor surgeries argue quite strongly for his nomina-
tion as the first true subspecialized neurosurgical oncologist [51]. Here, we will
explore the epidemiology of brain and spine tumors in North America, with a focus
on the United States, and the case for further subspecialization of care for our brain
tumor patients.

CNS tumors present a significant burden on the United States [52]. There is an
incidence of 6.4 new cases of brain and other nervous system cancers per 100,000
men and women per year in the United States, with a death rate of 4.4 deaths per
100,000 people per year. There were an estimated 168,494 people living with CNS
cancer in the United States in 2017. While these CNS cancers are the 16th in terms
of incidence in the United States, CNS tumor deaths are disproportionately high,
being the 7th highest source of cancer death. In children aged 0—14 years, brain and
other spinal tumors are the most common cancer site, at 5.74 per 100,000 people per
year. They are also the most common cause of cancer death in children. Within brain
tumors, meningiomas account for almost 40% of tumors, while nerve sheath tumors
account for approximately 8.6 percent of those seen. Sellar lesions represent
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approximately 18% of these lesions, whereas tumors of neuroepithelial tissue are
about 28% of the total presented. About 10% of the lesions represented in the
CBTRUS survey were located in the spinal cord/cauda equina [53]. The cost of car-
ing for patients with CNS tumors has been estimated as high as $4.5 billion [54].

Interestingly, the reported incidence rates of brain and spine tumors are higher in
Canada, with a reported incidence of 8.71 malignant brain and other CNS tumors
diagnosed in the Canadian population from 2009 to 2013, which may be related, in
part, to comprehensive data collection in the Canadian national health program. We
were unable to review cancer deaths in Mexico, as, in our extensive English litera-
ture search, there were single-center studies which discussed the incidence of brain
tumors, but no population-based studies. This search was limited, as we did not
perform an extensive search of the Spanish literature, beyond PubMed.

Training in Neuro-oncology in North America

With regard to training in neurosurgical oncology, all neurosurgery training pro-
grams in the United States will expose trainees to some measure of neurosurgical
oncology. Current American Board of Neurological Surgery (ABNS) standards
mandate a minimum of 60 adult craniotomies for tumor during basic neurosurgical
residency training, along with 20 sellar tumors. For pediatrics, five brain tumor
cases are expected for completion of residency. As a result of this exposure, general
neurosurgeons in private practice in the United States will often operate on these
lesions on their own, without referral to a tertiary center. Current estimates suggest
that the majority of brain tumors are not operated on by self-identified brain tumor
specialists.

The American Board of Neurological Surgery and the American Board of
Medical Specialties currently recognize three areas of focused practice in neurosur-
gery — Neurocritical Care, Neuroendovascular Surgery, and Pediatric Neurosurgery.
There is no existing certification for a neurosurgical oncologist. However, practic-
ing neurosurgeons can now opt to select tumor as a subspecialization in the American
Board of Neurological Surgeons Oral Examination. If this is selected, the candidate
will have one session on general cases in neurosurgery but then an additional ses-
sion which rigorously examines the breadth of neurosurgical oncology, specifically.
Finally, their exam includes an hour review of their own cases, which would include
established neurosurgical oncologists for those selecting the tumor specialty. At this
time, there is no data to suggest how this subset of certification has affected the
practice of young neurosurgical oncologists in the United States.

With regard to additional subspecialization in neurosurgical oncology, there are
several neurosurgical oncology training programs in the United States. Most of
these take residents primarily after the completion of their residency training, and
the duration of training is 1 year. Separately, there are several skull base fellowships
in the United States and Canada, most of which also are 1 year (Table 6.1). Within
the skull base fellowships, there are several differences, with some focusing on
anterior skull base/endoscopic training, others focusing on open skull base cases,
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and some focusing mainly/solely on tumors, while yet others include vascular
lesions or are focused solely on the operative management of vascular lesions.

Studies have long suggested that subspecialization is beneficial for brain and
spine tumor patients, with increased volume leading to improved outcomes [55, 56].
Benefits for patients treated by a subspecialists may include access to clinical trials
and access to new and improved surgical techniques. While it is not yet practical for
all brain and spine tumor patients to be treated at tertiary referral centers, this is a
goal of patient advocacy groups, like the National Brain Tumor Society. To continue
to improve outcomes for patients with brain tumors, just as Dr. Cushing did all those
years ago, we believe that we should champion subspecialization in neurosurgery
and the establishment of regional centers of excellence.

Latin America
The Neuro-oncology Disease Burden in Latin America

Similar to other regions of the world, in Latin America, brain and CNS cancers rep-
resent a significant burden [3] but as observed for Africa; little data exist on the real
incidence of these pathologies in this part of the world. All data found is from indi-
vidual researchers or institutional databases with the expected bias that this creates.
The situation of neuro-oncology in Latin America is changing. For the last decades,
this subspecialty never existed. Efforts from many fronts are trying to change this
scenario and to improve assistance to our CNS tumor patients. This includes provid-
ing continuing education on the topic, establishing multidisciplinary teams, and
conducting research in the field. At the present time, there are still huge differences
among countries, and within each country, there are variations among regions, big
versus small cities, private versus public hospitals, cancer-dedicated hospitals versus
general hospitals, and isolated specialists versus a multidisciplinary team/practices.
Checking with all official organizations in Brazil and with some colleagues in
Latina America, we could not find comprehensive information regarding brain or spine
tumor data. All data found is from individual studies or institutional databases with lots
of bias. In Latin America, CNS tumors don’t require compulsory notification, like one
seen in regions covered by the Central Brain Tumor Registry of the United States
(CBTRUYS). Additionally, diagnosis codes are not routinely and accurately applied to
cases. There is no governmental interest in developing brain tumor teams separate from
general oncologists due to lower numbers of cases and the higher treatment cost.

Neuro-oncology Care in Latin America
There are differences in degree of care when comparing patients who are treated in

dedicated tumor centers compared to general hospitals, private versus public assis-
tance. There are also differences among different countries. If we consider a
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“standard of care treatment” for a GBM as maximal safe resection, proper pre- and
postoperative imaging following RANO criteria [57], pathology with molecular and
genetic markers like IDH and MGMT status [58, 59], and chemoradiation starting
up to 30 days after surgery and 6 cycles of temozolomide like Stupp protocol [60],
only few centers could afford it. Even with notable surgeons and oncologists and
increasing tools and technology like intraoperative MRI (iMRI), intraoperative
ultrasound (IOUS), 5-aminolevulinic acid (5-Ala), MRI, and new radiation devices
and techniques, most Latin American countries struggle to reach the standard pat-
tern of assistance with some island of excellence in big centers.

When considering second-line treatments for patients with GBM, the disparities
in treatment availability are worse. Despite the creation of the Society for Neuro-
oncology Latin America (SNOLA), established in 2015, and some surgical or onco-
logical societies’ efforts to improve governmental rules and policies to CNS tumors,
there are still significant work and improvements to accomplish. In the last Brazilian
national estimation for patients with GBM (around 6000 cases/year), only 80% of
patients could get any basic assistance, and in a recent SNOLA research, only 15%
can receive the complete standard multidisciplinary treatment. There has, however,
been a progressive improvement in all spheres of treatment in the last years.

Neuro-oncology Education

At the present time, there are many skilled general neurosurgeons performing excel-
lent surgeries but few tumor dedicated ones. The existing 5-year neurosurgical resi-
dency training can only provide basic tumor instruction, just enough for a young
neurosurgeon to start her/his practice after residency. Fortunately, neurosurgical
societies are announcing courses, observerships, and fellowships in neurosurgical
oncology. To the best of our knowledge, there are dedicated neurosurgical CNS
tumor training programs in Argentina, Mexico, and Brazil. On the other hand, the
high demand level mainly in cancer centers and big cities is increasing the need for
subspecialization.

SNOLA is also working hard to spread the important concept of a multidisci-
plinary approach to CNS tumors, stimulating tumor boards; promoting satellite
meetings all over Latin America, beyond the big biannual congress; and referring
many colleagues to international experience expecting to create leaders in neuro-
oncology. SNOLA currently counts 315 active members. Its mission is to become a
truly international multidisciplinary society embracing specialists from neurology,
neurosurgery, radiology, pathology, radiation oncology, and oncology and research-
ers promoting neuro-oncological education, policies, and research. Another exam-
ple to highlight is the Latin American Brain Tumor Board (LATB) teleconference,
initiated in August 2013, which now connects 6 global pediatric neuro-oncologists
from children’s hospitals and cancer centers in the United States, Canada, and Spain
with pediatric subspecialists from 20 Latin American countries. This is a great step
in improving pediatric neuro-oncology [61, 62]. Accordingly, the LATB aims to



80 C. Karekezi et al.

both provide support and education and promote a multidisciplinary approach and
second pathology and radiology reviews.

During the pandemic period, webinars were initiated and coordinated with other
societies worldwide to keep education in neuro-oncology active. These included col-
laborations between SNOLA and the European Association for Neuro-Oncology
(EANO), the Asian Society for Neuro-oncology (ASNO), and the Society for Neuro-
Oncology (SNO) for all support and friendship. Besides continued medical education
programs, two other aspects are pivotal to continue improving the growth of neuro-
oncology in Latin America. These are research and clinical trials. At the present time,
there are only a few centers in Latin America where research can be performed using
organized clinical databases along with brain tumor bench and translational work.
The SNOLA consortium and Latin American Cooperative Oncology Group
(LACOG) Neuro Cancer Group are also open to start multicenter clinical trials, cru-
cial to increase industry and government interest in neuro-oncology. We hope that in
the near future, Latin America will be able to provide promising and useful transla-
tional research while providing excellence care for brain tumor patients.

Australia

On average, approximately 1750 brain cancers are diagnosed each year in
Australia; that is roughly one person diagnosed with brain cancer every 5 hours
[63]. Brain cancer kills more children in Australia than any other disease [64]. It
also kills more people under 40 in Australia than any other cancer. Approximately
1250 people die each year from brain cancer, which is about 1 every 7 hours.
Death related to brain cancer has shown a modest steady increase over the past two
decades from 21% (1995-1999) to 23% (2000-2004) to 25% (2005-2009) [64].
Brain cancer costs more per person than any other cancer because it is highly
debilitating, affects people in their prime, and often means family members cannot
work if they become carriers (Fig. 6.2) [65]. For those aged 35—44 years, brain
cancer accounted for the highest proportion of cancer expenditure, totaling $32
million [66].

Neuro-oncology Education

Post-fellowship neurosurgical education and training in Australasia is governed by
the Neurosurgical Society of Australasia (NSA). Such fellowships must be a mini-
mum of 12 months of length. Neuro-oncology fellowships are one type of fellow-
ship offered by the NSA. There are several reports that are collected from fellows
during their fellowship program to ensure that their neurosurgical oncology training
is, ultimately, adequate for specialization. The only accredited Post-Fellowship
Education and Training fellowship program in Australasia, according to the NSA, is
currently at the Royal Melbourne Hospital and Melbourne Private Hospital. Given
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Fig. 6.2 The cost of brain cancer in New South Wales (NSW), Australia [65]

the population of this region, it would be preferable, in the future, for additional
accredited programs to be established to enhance subspecialization in neurosurgical
oncology.

Conclusion

The progressive increase in the number of neurosurgeons worldwide, the recent
technological advancements, and the multidisciplinary approach to management
have significantly improved the safety of patients suffering from CNS tumors
worldwide. Successful neuro-oncology practice requires a multidisciplinary team,
made up of neurosurgeons, neurologists, nursing providers, medical oncologists,
radiation oncologists, neuroradiologists, neuropathologists, and palliative care spe-
cialists. The paucity of these specialists in the general pool still makes sole dedica-
tion to the neuro-oncology field difficult. We all believe that subspecialization is the
way forward for neuro-oncology, and increased international cooperation will con-
tinue to make this a reality.
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The World Federation of Neurosurgical Societies (WFNS), the Foundation for

International Education in Neurological Surgery (FIENS), and other national and
continental neurosurgery societies are making efforts to improve neurosurgical
oncology training worldwide through the ongoing development of training courses.
During the COVID-19 pandemic, ongoing virtual educational offerings have tried
to help raising the level of neurosurgical care of CNS tumors worldwide.
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Introduction

Spinal disorders are a primary source of global disability and are a considerable
burden on society. People in low- and middle-income countries (LMICs) are signifi-
cantly affected. Disability caused by back pain has escalated by 54% between 1990
and 2015 [25, 30]. A significant rise in back pain has happened in LMIC since there
is an increase in population and aging. Back pain should be considered a significant
financial burden toward the expenses associated with health care, lack of productiv-
ity, and loss of work due to illness. Similar problems exist for other spinal disorders
[25]. However, there is a shortage of health resources and professionals required to
address the increasing burden of chronic diseases in underdeveloped countries [28].
Despite these facts, spine health care has not to date received the attention required
to change and recognize spine problems as a global burden and priority.

Brief Historical Background

Until the beginning of the twentieth century, spine surgery pioneers cannot be dis-
tinguished as orthopedic or neurosurgery, since specialization did not occur during
history. Neurosurgery, as a medical discipline, has started at the beginning of the
twentieth century. However, after Cushing’s early papers in the 1920s, brain surgery
has taken the primary interest, and the spine has been a neglected topic by neurosur-
geons. Despite this fact, there have been many contributions of neurosurgeons to the
evolution and advancement of spine surgery.

The evolution of spine surgery can be divided into four steps: (1) decompression
(mainly laminectomy) of the spinal cord and nerve roots, (2) stabilization of unsta-
ble spine, (3) deformity correction, and (4) minimally invasive techniques.

Decompression Techniques

Although laminectomy was applied in the nineteenth century, the surgeries were
very complicated, and outcomes were worse. Anesthetics, antibiotics, and pain kill-
ers should be developed to improve the results. Victor Horsley is one of the earliest
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neurosurgeons who did the first successful operation to remove an extramedullary
tumor of the spinal cord in 1888 [21]. The invention of X-rays by German physicist
Wilhelm Roentgen in 1885 led to better diagnosis of spinal disorders. In 1905,
Cushing [13] operated a patient with an intramedullary tumor, but he decided to
perform a myelotomy in the dorsal column without removal. In 1907, von Eiselsberg
successfully resected an intramedullary tumor.

Taylor (Taylor) has developed the hemilaminectomy technique in 1910, after
early aggressive laminectomies in trauma and tumor surgeries. Contributions of
Harvey Cushing to the history of neurosurgery have been tremendous. Cushing has
developed hemostatic clips, other hemostatic agents, coagulants, and suction mech-
anisms [42]. Charles A. Elsberg has published his first series of laminectomies in
1913 [18]. Elsberg was one of the first to remove a cervical disk by a posterior
approach in 1925 [19]. Walter E. Dandy [14] published a description of two cases of
herniated lumbar disks causing a cauda equina syndrome in 1929. But, the first disk
herniation surgery was reported by Mixter and Barr [40].

Stabilization Techniques

Orthopedic spine surgeons have mainly developed thoracolumbar stabiliza-
tion techniques. However, in the development of the cervical spine fixations,
neurosurgeons have played significant roles. In 1910, silk sutures were used
to fixate atlantoaxial instability [39]. Gallie first developed C1-C2 wiring in
the 1950s, then Brooks [6] in the 1970s, and then Sonntag and Dickman in the
1980s [17].

Goel has first described a plate fixation of the lateral masses of C1 and C2 in
1994 [20]. This technique allowed the reduction of C1 subluxation on C2 and is
safer than Magerl’s transarticular screw fixation by preventing vertebral artery
injury. Goel has then improved his approach, did classification of basilar invagina-
tion, and achieved a posterior reduction by placing a spacer between the atlantoaxial
joint. It was a paradigm shift by making a transoral odontoid resection surgery
unnecessary.

Neurosurgeons historically achieved many improvements in cervical spine
surgery. In 1958, Cloward pioneered the ventral approach to the cervical spine
[10]. With his technique, it was easy to remove the disk and fuse the level by
placing a bone dowel in between the vertebral bodies. Caspar [8] has popularized
the anterior cervical plating system. Howard H. Hepburn, a British neurosur-
geon, has designed skull tongs for cervical spine traction in the middle of the
1920s for treating wounded soldiers in World War I [47], long before Crutchfield’s
publication in 1933 [12].

In the 1990s, neurosurgeons were mainly performing cervical spine fixations, but
orthopedic spine surgeons developed pedicle screw fixation for the thoracic and
lumbar spine. Usage of pedicle screws by neurosurgeons took the time [58].
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Deformity Correction

Orthopedic spine surgeons also pioneered deformity correction, especially scoliosis
surgery.

Minimally Invasive Spinal Surgery

Yasargil [60] and Caspar [9] have pioneered discectomies under a microscope. The
microendoscopic tubular system was introduced in 1997 and became famous for
performing discectomies and laminectomies [48]. After the first description of
Scoville’s posterior cervical discectomies in 1976 [51], a similar technique was
adapted to tube-guided surgery by Adamson in 2001 [2]. Foley’s group has adjusted
the transforaminal interbody graft and cage placement by tubes in 2005 [50].

Current Status of Spinal Neurosurgery

Spinal Neurosurgery Clinical Practice

Spine surgery is a major part of the neurosurgical practice. In the USA, it is esti-
mated that, of all neurosurgical operations, 77% are performed for spinal cases, and
this percentage is growing as of 2013 [11]. Traditionally, they were good in the
decompression of spine neural elements, whereas orthopedic surgeons surpassed in
the spine stabilization domain. Neurosurgeons practice more on degenerative disor-
ders, cervical spine trauma, and intradural pathologies, while orthopedic surgeons
practice more on trauma and deformity. However, recently, more and more neuro-
logical spine surgeons are performing all types of surgeries, including deformity.

Spinal Neurosurgery Research

Since the seminal biomechanical works of Edward Benzel et al. [4], which influenced
the modern training of younger generations, neurosurgeons can nowadays excel in
treating spine disorders. As a result of this rather holistic vision and understanding,
neurosurgeons are very well placed to steer spine research. Publication metrics show
that neurosurgeons, or research groups led by them, produce a significant percentage
of papers published in spine journals. Especially the fields like nanotechnology,
molecular engineering, and stem cell research for spinal diseases and pathology are in
neurosurgeons’ scope. Some areas, such as regenerative therapies on spinal cord
injury, have been the primary interest of neurosurgery departments.
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An excellent example of that is the laboratory of Charles Tator in Toronto [54].
Advances in basic science offer hope for further reconstruction of the spinal cord in
the future, the development of genetic repair treatments, the introduction of chitosan
channels for rebuilding the spinal cord structure, and stem cell transplantations and
neurotrophic factors to stimulate spinal cord repair. Besides, developments in nano-
technology and bionics offer new opportunities for restoration of function in para-
lyzed sections.

Biomechanical concepts and studies on the cadaveric spine are mainly developed
in biomechanical engineering laboratories [46]. Optical markers and reference
points were used to investigate load distributions of cadaveric specimens and new
implant designs, and the effect of some surgical approaches were investigated [46].
Basic science laboratories and biomechanical laboratories have also been estab-
lished and pioneered in neurosurgical departments [26, 56]. The spine biomechan-
ics books of Edward C. Benzel have been fundamental to understand many concepts
on managing spinal disorders [4]. The first edition of the book Biomechanics of
Spine Stabilization is first published in 1995, and the 3rd edition is dated 2015.

An expert spine surgeon should better devote more than 85% of his/her practice
exclusively to spine cases to gather a meaningful volume of patients and be up to
date with the specific scientific literature. As in any specific medical arena, it is
impossible to become a proficient scientist without sound knowledge. Additionally,
a spinal neurosurgeon-scientist can be defined as a neurosurgeon spending some of
his/her time performing research in the spine arena.

When dealing with the most valuable currency — time — the logical question is if
a dual neurosurgeon-scientist career is feasible. The degree of commitment depends
more on the funding and the infrastructures allocated locally to research than any
other factor. There is a need for the development of research networks at local,
regional, or international levels. A substantial number of the top-cited articles in
spine surgery journals are the product of these collaborative networks.

A neurosurgeon-scientist is a bridge affectionate, redirecting knowledge from
preclinical bench science to the patient’s bedside and back again. From biomateri-
als, implants, and cell regeneration to biomechanics, numerous examples arise from
areas where the neurosurgeon-scientist can identify the need for a better under-
standing of the clinical dilemmas.

Researching, in addition to clinical duties, will undoubtedly improve patients’
outcomes. In general, establishing an academic program of spine surgery compared
with historical records showed a significant improvement in health-care quality
indexes, such as decreased morbidity, mortality, hospital stay, re-admission, and
re-OP rates. This may not result from better operating skills, but applying the scien-
tific method to clinical practice.

Other essential constraints to become a neuro-spine surgeon-scientist, besides
the financial considerations — double of workload not proportional to the income —
are the difficulties in nurturing research involvement during the neurosurgical resi-
dency. Among those, lack of training with research tools, lack of influential mentors,
failure to establish a network of researchers, difficulty in getting research grants at
an individual level, and perceived lack of reward play a role. Additionally, the
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shortage in neurosurgeon’s labor force and emergency coverage deficits present a
barrier to neurosurgeons becoming involved in spine research.

Ideally, spine surgeons should receive formal research training in preclinical and
clinical research. A research fellowship of at least 3 months should be part of the
formal training program, also integrating basics on public health and health eco-
nomics due to the impact of spine surgery on medicine’s overall costs. Formal
research training correlates with future research productivity, funding, and a higher
probability of getting a chair position in a neurosurgical department.

In summary, there is a profound clinical need for neurosurgeons who conduct
original translational research in the spine arena, as there is still a lack of good treat-
ment strategies for spine disorders. It is essential for the progress of spine surgery
and the preservation of the academic spine neurosurgeon paradigm. Performing
research brings personal gratification, benefits patients, and advances the field. The
WENS Spine Committee should propel the research competencies and needs within
the neuro-spine community.

Spinal Neurosurgery Publications

The first publications on spine have appeared in the Transactions of the American
Orthopaedic Association in 1887 and Journal of Neurosurgery in 1944 [41]. “Spine”
journal began publication in 1976. It was the first dedicated spine journal. Among
the most cited 100 articles, neurosurgical journals such as Journal of Neurosurgery,
Journal of Neurosurgery-Spine, Neurosurgical Review, and Neurosurgery have had
many of them [41]. Cloward’s paper describing a new technique “The Anterior
Approach for Removal of Ruptured Cervical Disks” was one of the most cited sur-
gical technique papers [10].

There are currently neurosurgical journals dedicated to the spine such as Journal
of Neurosurgery: Spine and Neurospine. The Journal of Neurosurgery: Spine started
publication four times a year in 1999. Neurosurgery has been the source of many
consensus guidelines on spine surgery [58].

Guidelines and Recommendations

Neurosurgical societies have established and published numerous spine-related
guidelines for managing various spinal disorders and injury. The North American
Spine Society (NASS) has developed eight guidelines in different topics [43]. The
Congress of Neurological Surgeons (CNS) and AANS/CNS Spine Section have
developed four spine-related guidelines [1]. The WFNS Spine Committee has pre-
pared recommendations on four topics after consensus meetings: cervical spondy-
lotic myelopathy, lumbar spinal stenosis, cervical spine trauma, and spinal cord
injury [59].
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Spinal Neurosurgery Education

Neurosurgery is a swift evolving discipline, so then the education of neurosurgeons
evolves. Educating the next generation of humanitarian neuro- and spine surgeons,
armed with the lessons of those who have come before, will strengthen the field’s
efforts.

The Evolution of Spine Neurosurgery Education

Education in medicine has done revolutionary changes in the last 150 years. From
the Scottish model going through Humboldt’s German concept, most universities in
the world follow similar models. The idea of making the university a research center
was the first major revolution in biomedical education.

Another great revolution in medical education took place when students were
selected only on merit and were subjected to regular tests throughout the period in
which they were enrolled. The current residency program or “specialization” was
added to the educational scheme by William Halsted. He has created the concept of
subspecialty in medicine [35]. Problem-based learning (PBL) is an innovative peda-
gogical method implemented in education and medical education over the last
20 years. Realistic simulation models for training teams attending emergencies can
also be applied to spine problems [27]. Spine surgery has always been an integral
part of neurosurgery training. The advantages of neurosurgeons are their familiarity
with a neurological examination and nerve root and spinal cord manipulations dur-
ing surgery.

Beginning in the 1980s, spinal surgery was becoming a staple of neurosurgical
residency training. Since it is a significant product line for the practicing general
neurosurgeon, spinal surgery became the focal point of innovation and energy in
neurosurgical practice. Neurosurgical training programs would flourish as func-
tional, pediatric, cerebrovascular, oncological, traumatic, and spinal and peripheral
nerve surgery as subspecialties. Spinal surgery became a part of the neurosurgical
residency curriculum from the beginning of formal neurosurgical training. It has
kept pace with and participated in the advances that have occurred. Kelly has pointed
out that “All neurosurgery residents are spinal surgeons by definition, even if they
ultimately migrate to another subspecialty. Neurosurgeons are the only spinal sur-
geons that can be trained in their residency.” [32].

The competency-based objectives for spinal surgery in residency training include
the entire spine, from the craniovertebral junction to the sacrum, as a required cur-
riculum, as published in the Resident Curriculum Guidelines for Neurosurgery in
the USA [55].

The role of societies in the education of spine surgery has been significant.
Among those, WFNS Spine Committee, NASS, Spine Society of Europe (SSE),
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EANS, Latin American Federation of Neurosurgical Societies (FLANC), Middle
East Spine Society (MESS), ACNS, and CSRS can be counted.

Spinal Neurosurgery Education in Latin American:
A Pioneer Example

The structure of medical education in Latin America received influences from
European and American schools. The Brazilian Society of Neurosurgery (SBN) has
a pioneering role in structuring resident training systems in Latin America [38]. The
structure of each educational program includes three features: (1) competency-
based training, which guarantees a real preparation to solve the patient’s problems,
(2) several nonpesific and implied subjects, such as ethics, compliance, cultural
knowledge, etc., are also necessary to form an adequate professional profile and
must be included in the resident training process, and (3) information integration
process within the programs, which could improve both trainees and teachers [35].
The expansion of scientific medical knowledge extends physicians’ training who
work with new information and complex technologies. However, the emerging of
defensive medicine due to excess of legal claims for medical malpractice causes a
restructuring of the existing training structure.

For these reasons, the Federation of Latin American Neurological Surgery
(FLANC) Education Committee has adopted a more suitable system for specializa-
tion in spinal neurosurgery [37]. For example, we regularly update the existing/
active training reference centers in Latin America on specific spinal neurosurgery
topics, such as pain, degenerative, tumor, and congenital deformities. Besides, these
centers are required to focus on laboratory research and epidemiological studies.
The association of online theoretical courses with periods organized in face-to-face
format reduces financial investment, thus obtaining similar or even better results [53].

Keeping the intersection with similar projects in orthopedics spine training centers
is accomplished with the Ibero-American Column Society of Ibero-Latin American
Column (SILACO), which brings together neurosurgeons and orthopedic surgeons.
SILACO is composed of all Latin American spine societies and the Iberian Peninsula
(Spain and Portugal), using two official languages, Spanish and Portuguese [34].

There is also the Latin American Center for Research and Training in Minimally
Invasive Surgery (CLEMI), www.clemi.edu.co, in Bogota. This educational center,
founded in 2006, dedicated not only to the spine but also other clinical subspecial-
ties interested in advancing minimally invasive surgery. To date, CLEMI has hosted
more than 100 hands-on endoscopic spine surgery workshops, training close to
1200 specialists among neurosurgeons and orthopedists from all over Latin America.
The participants have also implemented their ESS programs in their respective
countries. Equally noteworthy are the well-known microsurgery laboratories of
Prof. Evandro Oliveira, in Sdo Paulo, Brazil, and Prof. Alvaro Campero, in Buenos
Aires, Argentina.
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The FLANC Education Committee currently develops training and certification
of young neurosurgeons and residents to strategically and financially support their
participation in reference centers accredited by FLANC. Those centers are recerti-
fied every 2 years. Forty-eight active centers are participating in the program from
the following countries, Argentina, Belgium, Bolivia, Brazil, Chile, Colombia,
Cuba, Mexico, Peru, Spain, Uruguay, and the USA, being 27 of them prepared for
training in spine surgery [36].

Annually FLANC Foundation allocates over $50,000 on scholarship and profes-
sional visits to ten fellows previously selected and mandatorily appointed by mem-
ber societies. Applicants must meet the prerequisites set out in the Candidate Manual
drawn up by the Education Committee (www.e-FLANC.org). This system allowed
the training of 91 young neurosurgeons in the last 5 years.

Global Spinal Neurosurgery Education

Many eminent spinal surgeons have worked tirelessly over the last decades to estab-
lish a training program in countries with limited resources. The World Federation of
Neurosurgical Societies (WFNS) established training programs in Rabat (Morocco)
and Nairobi (Kenya) to train young African neurosurgery residents in collaboration
with various countries. Additional organizations, like the Foundation for
International Education in Neurological Surgery (FIENS), established 50 years ago,
have grown over time to also offer in developing regional neurosurgical training
programs, including the spine. Multiple committees of WENS, including the WFENS
Spine Committee, FIENS, Continental Association of African Neurosurgical
Societies (CAANS), World Spinal Column Society, Eurospine, NASS, and Middle
East Spine Society (MESS), have put immense effort in LMICs. World Spine Care
is a nonprofit organization established in 2008 to improve the lives of the under-
privileged population. It aimed to work for the provision of sustainable solutions
toward spine care. World Spine Care initiated spinal programs in Botswana, the
Dominican Republic, India, and Ghana [24].

“Global Spine Education” is defined by interventions that highlight skills trans-
fer, teaching medical students/residents/neurosurgeons by giving lectures, Internet-
based teaching, assessments before and after, and providing educational materials
such as books, pamphlets, and videos. These education programs seek to improve
the quality of care provided in the country. It is distinct from training, which com-
prises a scheduled method of a specific duration, meant to increase the number of
spine surgeons or spine surgery-capable professionals. Most surgeons in the low-
and middle-income countries have been functioning below their capacity due to
limited resources. Hence, they might as well require some level of education when
modern equipment is brought in. Secondly, there are significant challenges encoun-
tered in the education of young aspiring professionals in the spine. This program
facilitates training in visiting residencies and fellowships through online
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certification courses with experts in the area to counter this aspect. This is to increase
the number of trained professionals affiliated with spine care and enhance their skill
set [23].

The suggested education program for LMICs is shown in Table 7.1. For the next
generation of students’ education, a program with multiple specialties should be in
place. As stated in the conclusion of a WENS special symposium for neuro- and
spine surgery, in 2018, “The equality in the access to the neurosurgical treatments
by all individuals should be the ultimate aim in structuring education, human
resources, and facilities in all countries across the globe” [31].

Benefits of Global Spinal Neurosurgery Education

A real spine training program is truly a partnership with society and the government
[15]. Starting a spine program with a small number of trainees can greatly affect any
region not having the spine service. Such a program could improve the trauma,
congenital disability, and spine tumor care of their population. The effective spine
care system must provide appropriate care of the spine and return healthy patients
as contributing members of society.

Pain, spinal deformity, and cancer care are impossible to treat completely using
modern techniques without spine surgeons. The benefits of involving specialized
surgical care were presented in the Lancet Commission’s landmark presentations on
global surgery and the World Bank reports in 2015 [52]. The Lancet Commission
reasoned that access to essential surgical care could be life-saving and return pro-
ductive citizens to society, lacked billions of people worldwide. Evidence places
access to crucial surgery on a par with access to clean water, antibiotics, and free-
dom from war or famine in its importance to world health.

The globalization of spine surgery has brought astonishing benefits to the devel-
oped world. The transference of information between Europe, Asia, and the
Americas has resulted in the unrivaled quality of care. Modern telecommunication
has resulted in the rapid propagation of new techniques, scientific developments,
and a worldwide impetus for excellence. Global neurosurgery and specifically spine
surgery will benefit the developing world. The humanitarian neurosurgery has been
an essential component of global spine surgery in addressing the worldwide dispari-
ties in health care and bringing the collective benefits of a developing country in
establishing a steady health-care system [15, 16].

Spinal Neurosurgery and Community Education

People-centered, culturally competent health care can be integrated throughout the
system, such as educational interventions, clinical encounters, health promotion
programs and services, and processes at the systems level [30]. People-centered
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care contains a wide variety of community participants, including the individual,
caregivers, families, and communities, as participants in the health-care process. It
includes not only the clinical encounter but also health policy and services. This
approach is participatory; therefore, there is greater accountability to local stake-
holders and disadvantaged populations. Success metrics include community health
outcomes, such as population health outcome measures and value of care indicators.

Spinal Neurosurgery and Residents’ Training

Surgical education of spine surgery residents in the operating room forms an inte-
gral part of their surgical training. However, patient safety need not be sacrificed in
the place of education [57]. By viewing recordings of the previous surgeries repeat-
edly, one can master all the necessary steps involved in the procedure. Sound knowl-
edge of anatomical landmarks may serve as a replacement for neuronavigation. A
standard uniform curriculum of global neurosurgery should be designed to arrest
the decline in the neurosurgical training across the globe. Accurate tracking of resi-
dent performance parameters by semester and complementing the educators’ feed-
back is an essential part of resident training. Standardized tools to educate and
evaluate trainees should also be considered [7, 29].

The ideal residents’ training should not be limited to acquiring textbook knowl-
edge and laboratory work but also skillful in the surgical and non-surgical manage-
ment of patients with spinal diseases. Spine surgery training should be divided into
five levels. The first and second years of training should focus on strengthening the
core concepts of neurophysiology and neuroanatomy. Midlevel residents are
required to apply the knowledge into practice. The surgical skills and ability to
make an accurate diagnosis are essential at this level. As a senior resident in the
third phase, one is required to perform surgical procedures under supervision
(“Shows How” phase). The fourth phase is for unsupervised practice (“Does”
phase). The final level of training is becoming an innovator (“Does Better” phase).

Models of training initiated by high-income countries (HIC) for the LMIC are not
self-sustainable financially. Those programs are funded by various donors, founda-
tions, grants, and partnerships, whereas a self-reliance program must be designed for
LMIC in collaboration between the WHO and the governments [5, 16]. The initiatives
carried out by HIC to train neurosurgeons from LMIC for the past 10 years have suc-
cessfully accelerated neurosurgery education and training. More important is the
long-term mentorship that has been established between mentors from HIC with a
mentee from the LMIC. Besides having been trained as a competent neurosurgeon,
one should also be trained as a good neurosurgery teacher. In his paper, Edward
Benzel stated that we retain 90% of what we do or teach while only keeping 50% of
what we hear and see [16, 44]. It is the senior neurosurgeons’ responsibility to train
the next generation of neurosurgeons, especially from the developing countries, to
decrease the disparity in world neurosurgical services level, which includes the effort
to provide better equipment and resources to the developing countries [16].
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Interactive Spinal Neurosurgery Learning, e-Learning,
and Digital Technology

Interactive learning methods that encourage the active participation of learners have
shown to boost the level of education. Problem-based learning is one such modality,
which utilizes clinical scenarios to teach problem-solving skills. Compared with
lecture-based training, problem-based learning has shown superior performance in
improving the medical educational environment. Despite this, lecturing is the most
widely used method of teaching in CME. This has changed in recent times. The
series of webinars being conducted by various organizations, with leading experts
worldwide, have contributed immensely toward imparting the pearls and tips and
tricks of the neurosurgery trait. To attract the participants and have a weightage of
these CME activities, they started with pre- and post-evaluation and interactive dis-
cussion between participants and the experts [32].

The ongoing pandemic affected the medical community worldwide. It also
paused all in-person educational activities. During this time, many international
societies, including WENS and Pakistan Society of Neurosurgeons, initiated inter-
active and thought-out webinars with renowned spinal surgeons worldwide.
According to unpublished data from these webinars, it was evident that e-learning
significantly influences the spine surgery training and practice. Most participants
felt that online education is an adequate substitution of traditional teaching methods
and wanted to continue this practice post-pandemic. Digital education is an emerg-
ing tool in spine surgery education with free and low-cost mobile content with a
high educational impact [16, 33]. Examples are summarized in Table 7.2.

Table 7.2 Examples of digital opportunities available to enhance the training of spinal
neurosurgeons

Digital content channels

Links

WENS Young Neurosurgeons
Forum

https://www.youtube.com/channel/
UCyINk2dpT5NO0ZWcdCRIKOQ

Brainbook https://www.youtube.com/channel/
UCnbPqck6c4yydPKVKOFafow

NeuroMind https://surgicalneurologyint.com/apps/neuromind/

UpSurgeOn http://www.upsurgeon.com/

The Neurosurgical Atlas

https://www.neurosurgicalatlas.com/

Touch Surgery

https://www.touchsurgery.com/

The 100 UCLA Subjects in
Neurosurgery

https://podcasts.apple.com/us/podcast/ucla-100-subjects-in-
neurosurgery/id434135906

Neurosurgical Survival Guide

https://neurosurgerysurvivalguide.com/

Neurosurgical TV

https://www.youtube.com/user/DigitalHealthHome
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Education via Spine Neurosurgery Simulation
and Virtual Reality

Technological innovations and their widespread dissemination have met educational
sciences’ needs, providing powerful tools to enhance and shorten the learning curve
in several fields, including medicine. The first attempts at an immersive, multimodal
simulation of the reality date back to 1968 with Morton Heilig’s milestone Sensorama,
a machine that included a vibrating seat, fans, stereo sound, and stereoscopic video
systems. This complex machine simulated a motorbike ride involving the user in a
multisensory experience. Educational training in medicine is pressed in between two
urgent needs: (1) to ensure the uppermost level of safety for the patient (“primum non
nocere”) and (2) to provide the highest level of competence for health-care profession-
als through an efficient, reproducible, and measurable transfer of expertise.

Virtual reality (VR) has been used in medicine, initially as a positive reinforce-
ment for more traditional educational pathways (classroom lectures, cadaver labs,
live tissue courses) and, more recently, as their potential substitute. Le et al. com-
pared three different teaching method ancillaries to the standard anatomy theory
classroom course for medical students: “manikin” (pictures, plastic models, speci-
mens), “cadaver” (dead human bodies), and virtual reality (3D virtual reality simu-
lation). They found that VR technology in teaching was more efficient in terms of
knowledge transfer than the use of cadavers and plastic manikins and less expensive
since the latter two modalities required frequent replacements to ensure satisfactory
quality of the didactic materials [32].

Over the last decade, virtual reality (VR) has been tested, first as an addition to
traditional education and, more recently, as their potential substitute. VR has been
frequently sampled in medicine, initially as a positive reinforcement for more con-
ventional educational tracks (classroom lectures, cadaver labs, live tissue courses)
and, more recently, as their potential substitute. Some evidence supports the effi-
cacy of VR training in skills acquisition and competence transfer: specifically, this
innovative learning pathway showed its applicability in spinal surgery [3, 32].
Further improvements, already under testing, include the opportunity to simulate
the procedure on different anatomic grounds to increase the number of possible
variables of the procedure (unusual neurovascular anatomy, degenerative changes
of the spine such as degenerative scoliosis or disk height reduction, reciprocal rela-
tionship between the lumbar spine and iliac crest). VR-based training in spine sur-
gery holds promise to be of value for residents and inexperienced surgeons.

Future Plans and Recommendations

Global Spine Health

In a recent collaborative work called “Global Spine Care Initiative,” discrepancies
between high-income and low- and middle-income countries have been stressed and
some recommendations created. The global spine care initiative model emphasizes
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people-centered health-care systems, which refocuses the health-care system on the
people’s needs in the community and society. This model engages community rep-
resentatives as stakeholders [24, 30]. The key points were taken from the Global
Spine Care Initiative paper [24]:

(a) Spinal disorders, including spinal pain, are the primary cause of disability in the
world. Disability disproportionately impacts woman, older populations, rural
populations, poorer quintile of populations, and low-income countries.

(b) An interdisciplinary, international team, consisting of 68 members from 24
countries, collaborated to develop an evidence-informed, practical, and sustain-
able spine health-care model for communities around the world, which could be
implemented with various levels of resources.

(c) The team developed reviews of the literature on assessment, noninvasive man-
agement, invasive management, public health, psychological and social issues,
and osteoporosis management.

(d) From these reviews, a classification system, care pathway, list of resources, and
care model were developed through a consensus process.

What are the risk factors for common spinal disorders in high-income countries
and moderate- to lesser-income countries? Green et al. [22] have developed recom-
mendations for prevention interventions for spinal disorders that could be delivered
globally, especially in underserved areas and low- and middle-income countries.

Biological, psychosocial, non-modifiable, and exposure variables existed in the
risk factor and association categories with interactions between these categories
mentioned frequently in the literature [22]. Nordin et al. [45] have tried to develop
recommendations for assessing spine-related complaints in medically underserved
areas with limited resources. Their advice to clinicians in low- and middle-income
countries are (1) take a clinical history to determine signs or symptoms suggesting
severe pathology (red flags) and psychological factors (yellow flags); (2) perform a
physical examination (musculoskeletal and neurological); (3) do not routinely
obtain diagnostic imaging; (4) obtain diagnostic imaging and/or laboratory tests
when serious pathologies are suspected, and/or presence of progressive neurologic
deficits, and/or disabling persistent pain; (5) do not perform electromyography or
nerve conduction studies for diagnosis of intervertebral disk disease with radicu-
lopathy; and (6) do not perform discography for the assessment of spinal disorders.
They can also be applied to all areas of the world. Besides, we must stress the cost-
effectiveness ratio of any treatment technique, especially surgical procedures.

Neurosurgery Spine Education

LMICs are suffering from a lack of access to spine care. These large gaps cannot be
filled with episodic service missions from developed countries. Self-sustaining
spine programs must be locally developed in the countries of need. International
support should be built on “Service through Education.” The success of sustainable,
locally championed neurosurgery educational programs will be dependent on the
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simultaneous, parallel development of all associated services. They will require the
thoughtful collaboration of all major spine societies with a compassionate emphasis
while championing the local surgeons, who must assume leadership.

Some suggested recommendations aiming the future of spine education are
below summarized:

e Promote the reorganization and unification of training courses in every coun-
try [49].

e Stress the importance of neurosurgical societies in the control of final exam and
in the recertification.

* Try to improve the number and quality of reference training centers all around
the world.

* Encourage bilateral association between societies, associations, and university
centers from other continents aiming at the exchange of experiences of residents
and young neurosurgeons in medical practices in different cultures.

* Find suitable and legal ways we can grant fellowships financed by the medical
industry avoiding conflict of interest.

* Promote more intensively the dissemination of basic disease prevention projects
aiming at the prevention of spinal cord, brain, and other traumatic injuries
through education, research, and advocacy guided by the success of experiences
of ThinkFirst, USA, and Think Well, Brazil. Top spine prevention areas include
nervous system deformities in children, neurotrauma in young adults, and stroke
prevention for gait preservation in elderly patients.

* Systematize the residency and specialization training services, including spine
diseases, respecting the rules of the country of each affiliated society, but provid-
ing the structural bases for the training.

e Sponsor a support system for professional visits and scholarships at reference
centers of different geographical areas so that the exchange of experiences can be
focused on local needs.

e Recognize and evaluate the growing importance of distance learning methods,
virtual medical care, and special procedures.

Conclusions

Clinical Spine Neurosurgery

The field of spine surgery has undergone one of the most significant transformations
in medicine over the last century. Over the past three decades, the most significant
advancement has come with the evolution of spinal instrumentation and fusion. In
this chapter, we tried to capture only specific components of many monumental
milestones, each of which likely required the dedication of many unnamed sur-
geons, scientists, engineers, and entrepreneurs. Both neurosurgical and orthopedic
contributions have been tremendous, with continued daily innovation, particularly
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in navigation, robotics, materials science, and spinal biomechanics. These contribu-
tions have allowed for safer, more productive, and more efficient methods of treat-
ment, improving outcomes and quality of life for patients. Looking at the history of
spine surgery and its incredible recent journey provides excitement for continued
progress in the future.

Spinal Neurosurgery Education

Global spine surgery is a flourishing arena in which its key players endeavor to make
a difference through surgical camps, educational programs, training programs, health
system strengthening projects, health policy changes/development, and advocacy. In
recent times, massive strides have been taken to develop a coherent voice for this
work. This large-scale collaboration via multilateral, multinational engagement is the
only correct solution. The leading players have begun to come together toward this
powerful solution. With this, the future of sustainability and improvement of the spine
education program is bright. A mixture of such efforts and advancement in educa-
tional tools will continue to globally sustain and improve spine education.
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Introduction

Health system strengthening is required in most countries around the world to ade-
quately treat patients with neurosurgical conditions. Global neurosurgery is an
emerging field at the interface of public health and contemporary clinical neurosur-
gery to provide access to safe, affordable, quality neurosurgical care for everyone,
everywhere [1]. The field includes research, education, and advocacy for invest-
ments in the building blocks of neurosurgical systems, such as governance, funding,
information management, infrastructure, workforce, and service delivery. As func-
tional neurosurgery often requires some of the most sophisticated and costly devices
in the neurosurgeon’s armamentarium, this field is poorly developed in low- and
middle-income countries (LMICs) [2].

There are geographical disparities in access to functional neurosurgery at the
continental, national, and local levels. The specialist workforce deficit is also an
important barrier to the global expansion of functional neurosurgical care. Most
LMICs have less than the recommended neurosurgical workforce density of 1 neu-
rosurgeon per 200,000 people [3], and few are trained to deliver specialty care in
functional neurosurgery [4]. This report summarizes the current global situation for
stereotactic radiosurgery (SRS), epilepsy, and neurosurgical psychiatric care.

Global Stereotactic Radiosurgery

Since the initial development in the 1950s of radiosurgery for the treatment of intra-
cranial lesions, the application of SRS has increased to the point where currently
66% of patients with CNS pathologies can be treated with this modality. Brain
metastases account for the largest percentage of radiosurgery cases (47%), followed
by meningiomas (17%) and vestibular schwannomas (12%) [5]. Moreover, SRS
treatment has further been expanded to treat non-anatomically abnormal, functional
targets such as in patients with trigeminal neuralgia, movement disorders, and neu-
robehavioral conditions. Unfortunately, geographical disparities in access to SRS
are pronounced. For example, the number of people per SRS unit ranges from 1:0.8
million in North America to 1:1220 million in Africa [6]. These inequities are due
to several factors, with the most significant barriers to increased access to SRS care
thought to be infrastructure, capital equipment, and education. Infrastructure for
SRS care has steep upfront costs, and multiple efforts to expand SRS care globally
have been unsuccessful in the past. For example, the premature shutdown of boron
neutron capture facilities on multiple continents created a negative narrative around
the installment of SRS platforms [7]. Fortunately, LMIC success stories like the
decade of success of the Gamma Knife Unit in Rabat, Morocco, have helped change
this narrative [8]. Increased global access to radiosurgery in the future is anticipated
and may result from the greater involvement of international organizations, such as
the International Atomic Energy Agency (IAEA), which has offered technical and
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financial assistance to Uruguay via its Technical Cooperation Program [6]. In addi-
tion, private enterprises, such as Zap Surgical Systems, Inc. are actively developing
lower-cost radiosurgery platforms for emerging markets [9].

The specialist workforce deficit is an equally important barrier to the global
expansion of SRS care. Web-based platforms have emerged as a solution for educa-
tion and capacity-building of radiation oncologists, medical oncologists, neurosur-
geons, and medical physicists in LMICs, and remote dose planning is a current
reality [10].

The World Society for Stereotactic and Functional Neurosurgery (WSSFN),
founded in 1961, is one of the oldest and largest SRS professional societies [11]. It
is composed of five continental societies: the American Society for Stereotactic and
Functional Neurosurgery (ASSFN), Asian Society for Stereotactic, Functional and
Computer-Assisted Neurosurgery (ASSFCAN), European Society for Stereotactic
and Functional Neurosurgery (ESSFN), Middle Eastern Society for Stereotactic and
Functional Neurosurgery (MSSFN), and Sociedad Latinoamericana de Neurocirugia
Funcional y Estereotaxia (SLANFE) [11]. The WSSFN supports the expansion of
SRS through its journal, conferences, outreach program, and SRS fellowships [12].
Furthermore, the Leksell Gamma Knife Society offers international observation fel-
lowships [13]. The International Stereotactic Radiosurgery Society, the Radiosurgery
Society, and the World Federation of Neurosurgical Societies are also excellent
resources with global memberships [6].

There are a small number of international SRS databases. The International
Radiosurgery Research Foundation (IRRF)/International Gamma Knife Research
Foundation (IGKRF) is a consortium of academic and clinical SRS centers world-
wide that researches, educates, and advocates regarding SRS-amenable diseases of
public health interest. IRRF is composed of American, Canadian, Chinese, Czech,
Spanish, and Taiwanese institutions [14]. This group pools data from its institutions
to constitute larger patient cohorts and higher-quality evidence for SRS procedures.

Europe pioneered radiosurgery. Lars Leksell, Professor of Neurosurgery at the
Karolinska Institute in Sweden, first described the technique in 1951, leading to his
renown as the father of radiosurgery [15]. In 2016, there were 220 SRS units across
the continent, with Brainlab having the highest number of devices (45%) [6]. The
number of people per unit in each country ranged from 0.9 million in Belgium to
22.5 million in Ukraine, a large variance in SRS utilization within the continent,
with greater access generally seen in Western Europe [6]. This is likely a reflection
of high-quality structured training of neurosurgeons, radiation oncologists, and
medical physicists incorporating a radiosurgical curriculum within the European
Union countries.

To date, around 32,000 patients have been treated with Gamma Khnife in the
Middle East and Africa, the vast majority (69%) for benign disease, 10% vascular
disorders, 13% malignant disease, and 8.8% functional disorders [5]. Access to SRS
is limited across Africa, but this is gradually changing. First reports of SRS in Africa
date back to 2004 when Attalla et al. [16] reported acquiring a Siemens PRIMUS
M6/6ST linear accelerator by the National Cancer Institute (Cairo University, Cairo,
Egypt). Until the late 2010s, the National Cancer Institute was Africa’s only SRS
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center [6]. Egypt is set to boost access to SRS in the coming years, following a USD
1 million donation from the US Department of Energy’s National Nuclear Security
Administration via the International Atomic Energy Agency’s (IAEA) Technical
Cooperation Program [17]. In South Africa, the first Gamma Knife center was
opened in 2017 by the Netcare Milpark Hospital (Johannesburg, South Africa) and
Eurolab [18]. Two years later, the center reported that it had delivered care to more
than 465 patients [18]. The majority of patients treated at Netcare Milpark Hospital
were from Johannesburg and the surrounding area, confirming the need for health
system strengthening and infrastructure support to increase access to SRS in Africa.

Egypt has built on its long SRS experience to build capacity in Africa and the
Middle East. For example, African and Middle Eastern medical physicists train at
Egyptian universities. These include Cairo University, Port Said University, and
Suez Canal University, which all offer medical radiation physics master’s and PhD
degrees [19].

Khader et al. [20] described some of the challenges faced by patients in Jordan
in accessing SRS, which include (1) the need to travel long distances to receive
treatment; (2) high patient volume, which leads to frequent machine breakdown;
and (3) insufficient support for staff members such as physicists, dosimetrists, and
radiation therapists. These factors parallel the second and third delays described in
the “Three Delays Model” (i.e., delays in reaching and getting care), explaining the
poorer patient outcomes observed in LMICs. For stakeholders in surgical care and
the health of underserved populations, it is key that focus is placed on the prevention
of delays in treatment through investment in transport and medical education and
facilities.

In Jordan, radiosurgery centers are led by three-member teams combining exper-
tise in neurosurgery, radiation oncology, and radiation physics. The King Hussein
Cancer Center has successfully implemented residency programs in these special-
ties that incorporate an externship in the USA and the UK and regular external
examinations [20]. Similar efforts are underway in other countries in the region.
Today, most Eastern Mediterranean countries have one or more SRS units [5, 21].

The first routine clinical use of SRS outside of Sweden began in North America in
1987 when L. Dade Lunsford installed a Gamma Knife (Elekta Instrument AB,
Stockholm, Sweden) at the University of Pittsburgh, in the USA [22, 23]. There are
now a reported 428 SRS systems in the USA, a 268% increase since 2003 [24]. Linear
accelerator (LINAC)-based SRS systems are currently the most common SRS units in
the USA (39%), followed by CyberKnife (35%) and Gamma Knife (26%) [24]. Canada
has similarly experienced growth in SRS as the number of LINAC-based SRS systems
increased from 169 in 2006 to 213 in 2010 [25]. With their lower cost and greater flex-
ibility, LINAC systems are typically more commonly implemented in smaller North
American community facilities and in Central America [24, 25]. However, perhaps the
most significant expansion of radiosurgical treatments in recent years is seen in Mexico,
with a growth rate outstripping that seen in the USA and Canada [26].

Pannullo et al. [6] estimated that there are 35.2 million people per SRS unit in
South America. As in most regions, SRS units in South America tend to be located
in large urban areas due to better access to healthcare funding, a specialist
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workforce, and infrastructure in urban settings. This geographical distribution
leaves rural and small urban populations underserved. To increase access to SRS,
Castromarin et al. [27] have proposed using surface-guided SRS with cone beam
CT imaging to treat brain metastases. The use of SRS for functional conditions is
limited to date.

SRS was introduced in Australia in the 1980s and was initially characterized by
slow uptake of the technology. The number of LINACs has steadily grown to over
200 nationally [28, 29] paralleled by an increase in the number of facilities offering
SRS to the current 76 treatment facilities, with 19 found in rural areas [28]. The
financial accessibility of radiation therapy services in Australia has benefitted from
contributions from the Health and Hospitals Fund, Regional Cancer Centres initia-
tive, and the Better Access to Radiation Oncology program [28].

The WSSFN and ASSFCAN have benefited greatly from the involvement of
Southeast Asian national member societies. These include the Chinese Society of
Stereotactic and Functional Neurosurgery (CSSFN), Japan Society for Stereotactic
and Functional Neurosurgery (JSSFN), Korean Functional and Stereotactic Society
(KFSS), and Indian Society of Stereotactic and Functional Neurosurgery (ISSFN).
The JSSFN, KFSS, and ISSEN are prominent national member organizations within
the WSSEN [11]. The CSSFEN, founded in 1963, is one of the oldest and most effec-
tive LMIC national subspecialty societies. Between 1986 and 2000, the CSSFN
created a journal (the Chinese Journal of Stereotactic and Functional Neurosurgery),
trained more than 80% of functional neurosurgeons in China, and facilitated the
creation of 50 SRS centers [30]. The CSSFN organizes annual national meetings,
which it hosts at the first Chinese Institute of Stereotactic and Functional
Neurosurgery [30]. The other Asian national societies have also achieved success
developing clinical guidelines, training SRS specialists, and advocating for increased
access to SRS care [31-33].

The global burden of SRS-amenable diseases is compounded by limited access
to SRS care. Acceptance and access to SRS have increased globally (Fig. 8.1);
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Fig. 8.1 Stereotactic radiosurgery publications out of low- and middle-income countries. (Medline
and Global Index Medicus were searched from inception to April 16, 2021)
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however, many countries still lack access to SRS units. The recent increases in
global access have been made possible by the work of professional SRS societies,
multilateral civil society organizations, high-income country (HIC) governments,
and HIC and LMIC SRS institution dyads. More research, education, and advocacy
are needed to reduce global SRS health disparities. The value of this highly effec-
tive, minimally invasive outpatient procedure cannot be underestimated. Global
SRS research should focus on mapping and tracking the global burden of SRS-
amenable diseases, including functional diseases and conditions and exploration of
opportunities to enhance delivery of this treatment paradigm to underserved patients.

Global Epilepsy Surgery

Around 46 million people worldwide live with epilepsy, and over 125,000 epilepsy-
related deaths are recorded annually [34]. Comorbidities and financial distress fur-
ther compound the burden of epilepsy. The most common comorbidities occurring
with epilepsy are psychiatric, with prevalence ranging between 6% and 55% [35].
All comorbidities diminish the quality of life for these individuals and their fami-
lies, impact the management and prognosis of epilepsy negatively, and increase the
cost of epilepsy care [35]. In addition, approximately 50% of patients with epilepsy
experience impoverishing or catastrophic health expenditures due to direct and indi-
rect out-of-pocket expenditures [36]. This is especially true in LMICs. The combi-
nation of high epilepsy prevalence, limited access to care, and epilepsy care-related
financial distress has led to inferior outcomes. At least 22 LMICs recorded increased
mortality rates between 1990 and 2016 [34].

Although epilepsy surgery can reduce morbidity and mortality in the right patient
population, only a handful of LMIC patients have access to safe and affordable
epilepsy surgery. There are more than ten million potential candidates for epilepsy
surgery worldwide [37], distributed by regions as follows: Africa, 1.8 million;
Eastern Mediterranean, 0.8 million; Europe, 1.0 million; North America, 1.2 mil-
lion; South America, 1.1 million; Southeast Asia, 2.3 million; and Western Pacific,
1.7 million. Fewer than 1% of epilepsy surgery candidates are referred to a neuro-
surgeon [38].

The World Health Organization (WHO), International League Against Epilepsy
(ILAE), International Bureau for Epilepsy (IBE), and other stakeholders have advo-
cated for health system strengthening to reduce the burden of epilepsy. One such
program is the Global Campaign Against Epilepsy that aims “to assess and
strengthen health care systems for epilepsy” [39].

The prevalence of epilepsy in Africa is 26% higher than the rest of the worldwide
population [34]. In Africa, 11.29 per 1000 individuals are burdened with epilepsy,
which translates to 3,367,000 individuals on a single continent suffering from this
debilitating neurological disorder [34]. Although epilepsy surgery is often curative,
its usage in African countries is sparse for multiple reasons, including lack of tech-
nology, limited training in epilepsy, shortage of anesthetists, limited access to MRI
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and EEG facilities, and persistent superstitious beliefs [40]. The current state of
epilepsy surgery in Africa can be stratified into three levels. Countries in the first
level use epilepsy surgery with invasive presurgical evaluation. South Africa is the
only one in this category. Those countries in the second level use epilepsy surgery
without invasive presurgical evaluation and include Morocco, Uganda, Kenya,
Tunisia, Algeria, and Mali. Countries in the third level do not generally have routine
access to epilepsy surgery. This group includes Nigeria, the Democratic Republic of
the Congo, Burkina Faso, Benin, and Gambia [40]. Collaboration between HICs
and African countries has shown promise in promoting the use of epilepsy surgery.
For example, Morocco started an epilepsy surgery program in 2005 in association
with colleagues in France and reported on operations on 51 patients from 2005 to
2011 [40]. Epilepsy surgery was also performed on ten patients in Uganda in 2009,
in collaboration with an American team based in Virginia [40].

Similarly, the creation of epilepsy surgery centers in Asia has benefitted from
North American and regional input. The first records of epilepsy surgery in Asia
were in South Korea and dated back to the 1940s [41]. Ten years later, Yi-Cheng
Zhao, a trainee of Wilder Penfield, performed epilepsy surgery in Tianjin and
Beijing [42]. South Korean and Chinese epilepsy surgery has since evolved to
become the largest service providers in the region. South Korea has at least 17 epi-
lepsy centers of excellence (ECOESs), while all 23 Chinese provinces have one or
more ECOE:s [41, 42]. Jacob Chandy, another trainee of Wilder Penfield, performed
a left hemispherectomy at the Christian Medical College in Vellore, India, in 1952
[43]. By 1995, epilepsy surgery became widely available in India, and currently,
nearly 40 centers offer such treatment [43]. The first epilepsy surgery in Thailand
was performed in 1992; 4 years later, neighboring Malaysia and the Philippines
recorded their first surgeries [41, 44, 45]. In 2002, Nepal performed its first epilepsy
surgery at Kathmandu Model Hospital under Japanese functional neurosurgeons
Tomokatsu Hori and Katsuhori Arita [46]. Japanese neurosurgeons equally helped
develop an epilepsy surgery center in Indonesia (Kariadi General Hospital,
1999) [47].

The first reports of epilepsy surgery in Europe date to early in the twentieth cen-
tury. Pioneers of epilepsy surgery in Europe included Victor Horsley in the UK,
Fedor Krause in Germany, Johan Guldenarm in the Netherlands, and Theodor
Kocher in Switzerland [48]. These outstanding surgeons helped promote the devel-
opment and acceptance of epilepsy surgery in Europe, further developed in North
America. Mexican neurosurgeons performed the first epilepsy surgeries in that
country at Juarez Hospital in the early 1950s [26]. Over the years, access to epilepsy
surgery increased as Mexican neurosurgeons returned from the USA, where they
had trained in functional neurosurgery. Today, surgical epilepsy care in Mexico is
delivered by 15 neurosurgeons working at 11 functional neurosurgery centers [26].
Of note, five of the centers are ECOEs: Children’s Hospital of Mexico, General
Hospital of Mexico, Epilepsy and Brain Damage Center, National Institute of
Neurology and Neurosurgery, and Zambrano Hellion Medical Center [26]. The
growth of epilepsy care in North America has benefited South American countries,
such as Peru. In Peru, the first ECOE was founded in 2008 at the National
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Neurological Sciences Institute in Lima, with support from the Partnering Epilepsy
Centers in America (PECA) program of the North American Commission of the
ILAE [49]. The ECOE’s neurosurgeon and neuropsychologist had completed their
fellowship training in Mexico [49].

The history of epilepsy surgical care tells a story of interconnectedness. It high-
lights the potential of collaborations between HICs and LMICs, as well as those
between LMICs. These global epilepsy surgery collaborations have accelerated the
development of workforce and service delivery globally.

Access to epilepsy surgery is unevenly distributed globally. Few LMICs have
access to epilepsy surgery; however, Watila et al. [50] estimate LMICs that perform
epilepsy surgery do so at lower costs with outputs comparable to HICs. They also
report that most LMICs offer open surgery, while only a handful offer minimally
invasive epilepsy surgery (MIES) [50].

Vagal nerve stimulation (VNS) therapy is a neuromodulation treatment intro-
duced in the 1990s that stimulates electrodes connected to the vagus nerve. It was
developed based on the finding that vagal stimulation desynchronizes the EEG and
can therefore rectify the hypersynchronization characteristic of epileptic episodes
[51]. Although its precise mode of action is still unclear, VNS therapy has been
approved by the Food and Drug Administration and the European community for
over 20 years. It has become an established treatment method [52].

Other than North American and European HICs, VNS therapy is a less common
treatment. A comprehensive search of the literature identified a small number of studies
investigating VNS therapy as a treatment method for epilepsy [53]. The majority of
studies were conducted in Asia, with three papers published in Saudi Arabia, two in
South Korea and China, and one in each Iran and Jordan; three studies were published
from Brazil and one each in Puerto Rico, Mexico, Slovakia, Slovenia, Turkey, and the
Czech Republic; and there were no outcome studies from Africa [53].

The indications for VNS therapy are relatively uniform across the literature, being
offered to patients with medically refractory epilepsy, for whom resective surgery is not
an option. A consensus statement on the indications for VNS therapy has been published
in both Saudi Arabia and Brazil [54, 55]. In Brazil, for example, the consensus statement
stipulates that, for patients to be referred for the treatment, they must have failed to
achieve seizure control following at least two first-generation antiepileptic drugs and the
patient needs to agree to the risks and benefits of the surgery [55].

A major challenge that VNS therapy faces in LMICs is the lack of access due to
both policy and cost. The opportunity to receive VNS therapy in LMICs where it is
not yet standard practice and widely available is limited. There are often administra-
tive hurdles for patients to overcome. In Brazil, for example, fulfilling the above
requirements requires an in-depth consultation, following which they need for sur-
gery must be agreed upon by at least two epilepsy center teams [56]. It can be very
difficult for low-income populations to arrange the transport and the time away
from work to attend these multiple appointments, even before receiving treatment.
The second major issue hindering access is cost, which was emphasized by several
studies conducted in LMICs [57]. Fan-Gang et al. [58] in China emphasized that
this new brain stimulation treatment is not covered by medical insurance in many
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developing countries and that patients need to pay around USD 30,000 out of pocket
for the treatment.

Similarly, Alonzo-Vanegas et al. in Mexico stated that the device itself — disre-
garding surgical expenses and recovery — costs about USD 20,000. They suggest
that the long-term benefits in seizure reduction and quality of life might justify this,
although longer-term studies are needed [59].

SRS, stereotactic radiofrequency thermocoagulation (SRT), laser-induced ther-
mal therapy (LITT), and MRI-guided focused ultrasound ablation (MRgFUS) have
lower morbidity rates, can be repeated if necessary, and are more cost-efficient per
procedure than open epilepsy surgery [60]. However, they have higher upfront costs
than open surgery and are not widely available. To circumvent these challenges,
Mansouri et al. [61] propose engaging charitable organizations to crowdfund the
creation and maintenance of regional ECOEs in LMICs.

Despite continuous evidence highlighting the effectiveness of epilepsy surgery, it is
still widely underutilized. Underutilization is partly attributed to hesitancy from
patients and the perception of healthcare providers. Patients with lower economic
income and lower levels of education have been documented to have the most miscon-
ceptions about this surgical treatment [62]. A large proportion of LMIC patients are
unaware of the availability of epilepsy surgery [62]. Public health education measures
should be increased to raise epilepsy (surgery) awareness and educate patients [63].

The perception of healthcare workers toward epilepsy surgery is more positive
than those of patients [64]. More than half of practitioners surveyed in one study
had positive attitudes toward epilepsy surgery, and practitioners who trained abroad
were most likely to have positive attitudes [64]. Healthcare workers need to be
knowledgeable about epilepsy surgery because trust in local providers can be instru-
mental in helping patients understand the potential benefits of epilepsy surgery [65].

In Oceania, there has been a decline in the total number of epilepsy surgeries
[66]. A survey involving nine epilepsy centers revealed a rise in non-lesional surgi-
cal cases and a significant decline in mesial temporal sclerosis-related surgeries in
the past 30 years [66]. A study from the region that compared epileptic surgery to
medical treatment in children found surgical intervention was more expensive but
improved the overall outcome of patients with epilepsy [67]. An online platform,
EpiNet, was developed in 2009 in New Zealand and was designed to enable doctors
and patients with epilepsy to work hand in hand in developing clinical research as a
way of optimizing treatment [68].

Functional and Stereotactic Neurosurgery
for Movement Disorders

The increasing burden of non-communicable diseases follows epidemiologic transi-
tion and population aging occurring in all nations. It is estimated that by 2030 the
prevalence of movement disorders (MD) will increase to double in most countries
[69] with even a more significant increase to >178% in sub-Sahara Africa [70]. The
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belief that treatment of movement disorders required interruption of pathological
signals in the pyramidal tract led to the use of primary cortex ablative surgery, with
the first reported cortical ablation for the treatment of Parkinson’s disease (PD)
tremor in 1937 by Bucy and Case [71]. In 1952, Cooper inadvertently injured the
anterior choroidal artery of a patient with PD during a pedunculotomy [72]. The
patient emerged from anesthesia with resolution of his tremor and rigidity and with
no motor deficit despite infarction of the globus pallidus [72]. This serendipitous
discovery, along with the advent of human stereotactic surgery using a modified
Horsley-Clarke frame, which reduced operative mortality to 2%, resulted in the
development of exploratory procedures on various subcortical targets [73]. In the
1960s, the introduction and success of levodopa resulted in a dramatic decline in
the use of surgery for movement disorders. However, the realization that long-term
levodopa therapy is associated with troublesome adverse effects (motor fluctuations
and dyskinesia), along with an improved understanding of functional neuroanat-
omy, resulted in a resurgence of surgery for MD. Chronic deep brain stimulation
(DBS) was first reported as a therapeutic intervention for movement disorders in the
1980s [74, 75]. DBS has since gained popularity because of excellent clinical effi-
cacy, its reversibility, and adjustability [76]. DBS is now a well-established treat-
ment for movement disorders such as PD, ET, and dystonia. Other techniques such
as thermal ablation, magnetic resonance-focused ultrasound, and Gamma Knife
lesioning are also commonly used. Neurorestorative procedures for PD, such as
gene therapy and fetal and stem cell transplantation, are promising but are currently
experimental.

A recent study highlights the global use of DBS for surgical treatment of MD
[77]. Data from respondents in 59 countries across 5 continents revealed high vari-
ability on the best approaches for DBS candidate selection, brain target selection,
procedure type, and postoperative practices. Cognitive and mood assessments were
underutilized. There were small but significant differences in practice across global
regions, especially regarding multidisciplinary teams. These data highlight the
importance of continuing global collaboration to decrease the variability in the mul-
tiple facets of DBS surgery and the need for prospective studies to inform global
evidence-based guidelines.

Functional and Stereotactic Neurosurgery
for Psychiatric Disorders

The neurosurgical treatment of psychiatric diseases or “psychosurgery” can be traced
back to prehistory with a resurgent interest in the nineteenth century. Gottlieb Burckhardt,
a Swiss psychiatrist, first reported the results of cortical excisions for psychiatric patients
in 1891 [78] and is considered the founder of psychosurgery. Inspired by the effects of
frontal cortical ablation on primate behavior reported in 1935 [79], Egas Moniz (neu-
rologist) and Almeida Lima (neurosurgeon) performed the first prefrontal leukotomies
(severing of white matter tracts) for psychiatric patients in Portugal [80]. Their results
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served as a stimulus for similar operations in the USA, first carried out by Walter
Freeman (neurologist) and James Watts (neurosurgeon) [81]. The main indications for
frontal lobotomy or leukotomy were schizophrenia, depression, anxiety, and obsessive-
compulsive disorders (OCD). The rationale for the procedure was based on the disrup-
tion/ablation of the Papez circuit [82].

The unacceptable side effects of these ablative procedures, such as apathy,
impulsivity, and labile affect, as well as the advent of psychotropic drugs in the early
1950s, led to waning enthusiasm for psychosurgery. In the following decades, grow-
ing public concern about such procedures being performed indiscriminately on
minors, prisoners, or patients incapable of giving informed consent further contrib-
uted to a decline in psychosurgery [83].

Despite remarkable advances in pharmacotherapy, the side effects of many psy-
chotropic drugs can be debilitating, and a substantial number of patients treated
with drugs and behavioral therapy either do not improve or relapse. More than one
billion people suffer from psychiatric diseases, and at least 10% of them have
treatment-resistant disorders [84, 85].

Over the past 20 years, a greater understanding of the pathophysiology and func-
tional anatomy involved, coupled with advances in neurosurgical techniques, ste-
reotactic frames, and image guidance, contributed to a resurgence of this field. In
particular, the concurrent use of MRI with fMRI and DTI sequences has provided
high-resolution depictions of brain structures and their functional and structural
connectivity. These advanced imaging techniques created a new focus on non-
ablative surgical procedures to modulate pathways involved in such diseases. For
these procedures, deep brain stimulation (DBS) technology is utilized with new
electrodes to deliver stimulation and provide recording [86].

DBS for psychiatric disorders stemmed from and paralleled this treatment for
movement disorders. The observation that, during thalamotomy, the tremor was
consistently and suppressed at 100 Hz in a fully reversible manner made neurosur-
geons realize that stereotactically implanted electrodes could be used for this pur-
pose [75, 76]. Such electrodes were already in use to treat pain by stimulation of the
periaqueductal gray and other areas.

Interest in neurosurgery for psychiatric disorders has grown globally over recent
decades. An international survey documented that 35% of the functional neurosur-
gery centers surveyed reported neurosurgical treatment of psychiatric disorders as
the most frequent procedure in their practice, with OCD and depression as the two
most frequently treated disorders [84]. Notwithstanding the ubiquity of DBS in
HIC, a significant proportion of such treatment is ablative (41.2%, 21/51) in much
of the world. Although this choice is multifaceted, cost-effectiveness likely plays a
role since the cost of DBS remains prohibitive in most LMIC.

A deeper understanding of the circuitry involved in psychiatric disorders results
in enlarging the arena of surgical interventions to other disorders. For example, the
understating of the Alarm, Belief, Coping (ABC) theory circuit of anxiety allows its
centers to be targeted with neuromodulation in patients affected by anxiety and
refractory to serotonin reuptake inhibitors and cognitive behavioral therapy [87].
Current barriers to optimizing treatment success include the heterogeneity of
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symptom presentation and pathologic networks in OCD, coupled with suboptimal
tools that can be scaled to quantify treatment responses. Incorporating functional
MRI (fMRI) diffusion tensor imaging (DTI) with routine MR images may increase
targeting precision.

The field of neurosurgery for psychiatric disorders is poised to advance as neu-
rosurgeons globally address some of the issues currently hindering its progress.
Similar to other neurological disorders like epilepsy, there is still a cultural stigma
surrounding psychiatric disorders. This stigma is globally perceived as an obstacle
in providing psychiatric treatment, including neurosurgical treatment. The ethical
boundaries of defining the scope of surgical intervention for psychiatric surgery are
still under debate.

A global constraint to further provide surgical care of psychiatric disease is the
current cost of implantable devices needed for DBS surgery. A new technology that
does not require implantable devices is emerging, including magnetic resonance-
guided focused ultrasound (MRgFUS) [88]. Although this technology is still cost-
prohibitive in most regions, if proven beneficial, its lack of implantables may make
it more cost-effective in the long run and possibly more broadly geographically
applicable.

Conclusion

Functional neurosurgery often requires sophisticated and costly imaging and devices
and subspecialty training and multidisciplinary teams. As a result, this field is highly
developed in technologically advanced countries and poorly developed in LMICs.
The geographical disparities in access to functional neurosurgery can be overcome
by health system strengthening and training. Through dedication to education,
research, and advocacy, global neurosurgery is working to advance access to neuro-
surgical care worldwide, including care for functional diagnoses.
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Introduction

The United Nations (UN) and Disaster Mitigation

The Third UN World Conference on Disaster Risk Reduction was held in Sendai,
Japan, in March 2015. The product of this conference was the Sendai Framework
for Disaster Risk Reduction 2015-2030 [1]. The overall goal is [1]:

Prevent new and reduce existing disaster risk through the implementation of integrated and
inclusive economic, structural, legal, social, health, cultural, educational, environmental,
technological, political and institutional measures that prevent and reduce hazard exposure
and vulnerability to disaster, increase preparedness for response and recovery, and thus
strengthen resilience.

In order to achieve this goal for 2030, the Sendai Framework identified four pri-
orities (Table 9.1) [1].

What Constitutes a Disaster?

The World Health Organization (WHO) defines a “disaster” as follows [2]:

A disaster is an occurrence disrupting the normal conditions of existence and causing a
level of suffering that exceeds the capacity of adjustment of the affected community.

“Disaster” typically evokes images of a natural event — earthquake, hurricane,
volcanic eruption, tsunami, wildfire, and severe flooding. Other events include epi-
demics resulting from communicable diseases such as Ebola or COVID-19.
However, disasters can be “unnatural” (man-made), either infrastructure failures
(transportation accidents, building collapse) or terrorist events (bombing, shootings,
biochemical attacks). The common thread among disasters is the resultant mass
casualty situation.

Since a disaster is typically abrupt and “exceeds the capacity” of the “affected
community,” assistance from beyond the local community has been required. A
response by an outside agency can be effective if there has been sufficient prepara-
tion (i.e., coordination between local and outside emergency response agencies) and
the disaster is relatively slow in evolution, e.g., environmental stresses resulting
from climate change, refugee situations resulting from prolonged conflicts, or pan-
demics where spread is in terms of days to weeks.

Table 9.1 Sendai Framework for Disaster Risk Reduction 2015-2030

1. Mitigation/prevention: understanding disaster risk

2. Preparedness: strengthening disaster risk governance to manage disaster risk

3. Response: investing in disaster risk reduction for resilience

4. Recovery/rehabilitation: enhancing disaster preparedness for effective response and to “Build
Back Better” in recovery, rehabilitation, and reconstruction
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The role of neurosurgery in mass casualty disaster response is primarily that of
managing trauma (although in a pandemic, for example, treatment of nervous sys-
tem infections may be encountered). Mass casualty disaster trauma victims need
medical/surgical/neurosurgical care in hours, not the days to a week or more typi-
cally required by outside agencies to reach the disaster site. Enhancing the trauma
care resources in the region of the disaster appears to be the optimal way to address
the temporal and geographic challenges of mass casualty disasters.

The importance of a robust local response in disasters that result in emergent
trauma situations has been recognized by the WHO [3]:

...the most timely and cost effective response to trauma is the one mobilized by the affected
country itself...

How Can We Improve Mass Casualty Disaster Response?

Since the role of neurosurgery in mass casualty disaster response is primarily the
management of traumatic injuries, we can build on concepts and programs that have
been shown to be effective on a worldwide scale. Three themes are particularly
relevant:

1. The trauma/stroke center model is well-documented to improve outcomes in
trauma and stroke at the “non-mass casualty” level, i.e., where the number of
victims does not reach a disaster level.

2. Integration of healthcare resources at both the country/regional level and the
international level. At the country/regional level, this entails integration of the
public and private healthcare sectors, as well as the military and nongovernmen-
tal (NGO) organizations. At the international level, this entails integration meth-
ods such as the ongoing “twinning” or “dyad” programs between low- and
middle-income countries (LMICs) and high-income countries (HICs), as well as
coordinating with local and country/regional-level healthcare the resources of
NGOs (e.g., Red Cross) and international agencies (e.g., WHO, UN).

3. The benefits of the trauma/stroke center and integrated healthcare resources will
be realized as improvement in day-to-day healthcare as well as disaster response
in the region served.

The four priorities of the Sendai Framework can be addressed using the follow-
ing three themes:

1. Trauma/stroke centers include the gamut of healthcare for emergencies: from
prevention programs to pre-hospital care to acute hospital treatment — operating
room (OR) and intensive care unit (ICU) — to rehabilitation to long-term follow-
up and research.

2. Integration optimizes the local and global resources for both emergency and
day-to-day care as well as for the education and training of all healthcare person-
nel (clinical and administrative). Global standards for care and training can be
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established and verified by quality assurance metrics. Integration maximizes
efficacy and efficiency of care and minimizes duplication of services — resulting
in long-term healthcare (and societal) benefits that far outweigh the initial costs
(in terms of both establishing collaborations and economic investments).

3. Since trauma/stroke centers include 24/7/365 resources such as radiology, blood
bank, and pathology — in addition to emergency department, OR, and ICU capa-
bilities — the level of care for the region served is greatly enhanced around
the clock.

Chapter Outline

After briefly discussing the current status of disaster response, the primary disaster
response agencies worldwide are presented. The limitations of the current global
disaster response are noted. The considerable resources established to date are
reviewed, e.g., the WHO’s Emergency Medical Team (EMT) certification program
and Joint External Evaluation (JEE) tool and the International Council of Nurses
(ICN) Core Competencies in Disaster Nursing program. Examples of countries that
have relatively high levels of mass casualty disaster response capabilities are
described.

The resources available to improve mass casualty disaster response are consid-
ered next. The benefits of the trauma/stroke center model are detailed. On the per-
sonnel side, examples of twinning or dyad programs that integrate LMIC and HIC
education, training, clinical care, and research are described. Examples of equip-
ment for resilient acute care delivery — during both mass casualty disasters and day-
to-day “disasters” (e.g., power outages) — are noted, e.g., portable operating rooms
(ORs) and battery-powered mobile computerized tomography (CT) scanners. Most
importantly, digital information technology (IT) is streamlining all aspects of both
disaster and day-to-day healthcare. From drones that can detect the living buried in
the rubble of a collapsed building and can optimize disaster scene triage to tele-
medicine that can save both lives and expense by optimizing referrals for tertiary
care to smartphones that can reduce pre-hospital transport times, IT is revolution-
izing healthcare. The benefit is greatest in LMICs, where the lack of legacy infra-
structure allows “leapfrogging” directly to much more efficient and resilient
healthcare delivery.

The chapter concludes with a summary of how the three themes — the trauma/
stroke center model, the integration of healthcare resources both locally and inter-
nationally, and the enhancement not only of mass casualty disaster response but also
day-to-day healthcare — can address the four priorities set by the Sendai Framework
for 2030. In addition to facilitating the global sharing of training techniques for
clinical care (both emergent and routine care), these themes can bring about world-
wide standards for medical training and licensure. Moreover, a global network of
mass casualty centers presents the opportunity for a worldwide network of research
facilities, together with the improvement in communication and camaraderie among
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healthcare personnel (clinical and administrative) — across medical disciplines, gov-
ernmental agencies (civilian and military), and international organizations — that is
sorely needed given the current world situation.

Current Status of Mass Casualty Disaster Response

Evolution of Disasters Worldwide

Global deaths from natural disasters frequently reached into the millions of persons
annually until the 1970s. The vast majority of these deaths were due to droughts and
floods — catastrophes rarely causing mass casualty situations that require extensive
neurosurgical support. However, the number of deaths due to earthquakes — result-
ing in trauma that frequently requires neurosurgical attention — has remained rela-
tively constant from 1900 to 2016, in some years approaching 300,000 deaths
worldwide (Fig. 9.1a) [4].

In contrast, the number of deaths due to terrorist incidents and conflicts overall
has increased dramatically in recent decades [5—-8]. Since 1970, the number of ter-
rorist incidents annually has increased from a few hundred to 10,000 to 15,000, and
the number of deaths and injuries both have exceeded 25,000 routinely since 2010
(Fig. 9.1b) [5]. Although no “World War” has occurred for over 70 years, the num-
ber of deaths due to military/paramilitary conflicts has increased in recent years: in
2005, deaths in the top 5 countries totaled less than 23,000 (from 16,583 in Iraq to
330 in Sri Lanka); in 2015, deaths in the top 5 countries totaled 135,000 (from
55,219 in Syria to 8122 in Mexico) [6].

Although the number of fatalities from natural disasters (droughts and floods)
worldwide has decreased over the past century, the increasing need for effective
neurosurgical mass casualty disaster response is evident from the twin facts that (1)
deaths and injuries from earthquakes have remained significant at tens to hundreds
of thousands annually and (2) deaths and injuries from terrorist events and conflicts
have been increasing to the point where the annual death toll worldwide exceeds
200,000.

Current Status of Disaster Response Worldwide

The lack of resources in most LMICs to effectively manage even day-to-day health
conditions requiring either emergency or elective surgical service has been well-
documented recently [9]. The most robust emergency response resources are typi-
cally in the military rather than the civilian healthcare sector; these military resources
are usually not available for immediate response to a civilian mass casualty disaster
due to the need for bureaucratic approvals and lack of experience in cooperation



128 L. M. Quintana et al.

a
Global deaths from natural disasters (190-2016)
The size of the bubble represents the total death count per year, by type of disaster.
Volcanic 38,690 21,800
activity » . A o AT : S e AR PO
Drought [ . e .
. 85,000 1.9M . ¢ 450,520 20,000
Mass
movement ’ 13
Landslide . . PR PR e S RN gan7
Ev’:;e"':z Y JEITHEY [SITTINII VNN IPUIIPITPII Ny TSP TSI W
101,000 304,495 146,297 140,98
Extreme T e
temperature 74,698 7.425
Flood { ‘ { ¥ D 5
100,000 3.7M 500,010 oM 34,807 9,836
Wildfire 75
206,142 115,618 276,994 227,290 226,733

Earthquake -l 9 ..“... @ o e boae ’ P e, ..‘ .-

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

b Terrorist incidents worldwide
50,000
45,000 -
40,000 -
Injuries
35,000 -
Deaths
30,000 -
Number of incidents
25,000 -
20,000 A
15,000 -
10,000 -
5,000 A
0 T T T T T T T T T
O NN < © 0 O NN < © 0 O AN ¥ ©W 0O AN ¥ © OO AN ¥ ©
N IS IS I I 00 0 0 W 0 O O O O & O O © © O r—~ v ™
o OO OO OO O OO OO OO OO O OO O OO O O O O O O O O O O o
D T e =T = = I s U S U s VAR SV SV SV SV VR oV

Fig. 9.1 (a) Global deaths from natural disasters (1900-2016). The size of the bubble represents
the total death count per year, by type of disaster (Ref. (4)). (b) The number of deaths and injuries
due to terrorist incidents (1970-2016) (Ref. (5))
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between civilian and military healthcare agencies and personnel [10, 11]. The ben-
efit of reducing the time between injury and definitive treatment in hospital (the
“golden hour” of trauma care [12]) has been debated, but evidence from the US
military experience in Afghanistan is compelling: reduction in the transport time
from battlefield to hospital from 90 to 43 minutes resulted in a case fatality rate
reduction from 13.7 to 7.6 [13]. A recent presentation has reviewed the literature on
earthquake-related injuries, with special reference to head injury as the primary
cause of morbidity and mortality — supporting the importance of rapid response in
earthquake-related trauma [14].

There are numerous agencies that can respond to requests for disaster assistance,
both international organizations (e.g., WHO and UN) and NGOs such as the Red
Cross/Red Crescent, Médecins Sans Frontieres (MSF), International Medical Corps
(IMC), and faith-based groups. However, all of these responders — because they are
not integrated into the healthcare system of the region or country served — require
both an invitation to respond and the time to mobilize and transport their resources
to the disaster site. Arrival several days to a week or more is of little benefit to a
trauma victim; sanitation workers and grave diggers are more useful than neurosur-
geons and trauma surgeons at that point. As an example, it is estimated that 20,000
people died daily the first few days following the 2010 Haiti earthquake due to lack
of basic surgical care [15].

Examples of Disaster Response at the Country Level

There have been efforts to improve mass casualty disaster care in particular and
trauma care in general, both at the national and international levels. In the USA,
more than 45 years ago (1984), the National Disaster Medical System (NDMS) was
established [16, 17]. At present, however, fewer than 6000 medical professionals
have joined the voluntary NDMS program [17].

Other countries have had greater — if still relatively modest — success in establish-
ing disaster response programs. Chile has a ministry for emergency response —
Oficina Nacional de Emergencia del Ministerio del Interior y Seguridad Publica
(ONEMI) — that facilitates coordination between civilian and military emergency
response resources [18]. There is not, however, complete integration of the civilian
and military emergency response resources — although the joint response time is
significantly reduced in comparison with countries without such an emergency
response ministry.

Australia formed the National Critical Care and Trauma Response Centre
(NCCTRC), located in Darwin, following the Bali bombings in 2002 [19]. An essen-
tial aspect of Australia’s mass casualty disaster response capabilities is the Australian
Medical Assistance Team (AUSMAT): personnel ranging from physicians and nurses
to firefighters and pharmacists who are specifically trained for mass casualty disaster
response [19]. These teams respond not only to mass casualty disasters in Australia
but also deploy teams to disasters throughout the Asia Pacific region.
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Israel likely has the most well-developed national program for mass casualty
disaster response. The Israeli Trauma/Mass Casualty Management System has sig-
nificantly integrated civilian and military emergency response resources, including
injury prevention, pre-hospital care, acute care, and rehabilitation [20]. In recogni-
tion of this level of mass casualty disaster response capability, the Israeli Defense
Forces Field Hospital (IDF-FH) was the first foreign medical team (FMT) to be
awarded FMT type 3 designation (the highest level of emergency care) by WHO in
2016 [21].

Examples of Disaster Response at the International Level

At the university level, several training and certification programs for emer-
gency medicine and disaster response have been established. One example is the
European Master in Disaster Medicine (EMDM) program, awarding the
Advanced Master of Science in Disaster Medicine degree [22]. It is based pri-
marily at Universita del Piemonte Orientale (Italy) and Vrije Universiteit Brussel
(Belgium), in collaboration with other universities in Ireland, Turkey, Sweden,
Switzerland, and the USA as well as organizations including WHO, MSF, and
the European Society for Emergency Medicine (EuSEM). Universita del
Piemonte Orientale and Vrije Universiteit Brussel have also initiated the
International Doctoral Program in Global Health, Humanitarian Aid, and
Disaster Medicine [23].

In 2018-2019, the ICN brought together nursing experts from organizations
around the world (including WHO) to develop version 2.0 of “Core Competencies
in Disaster Nursing” — the goal being to set standards for effective disaster response
nursing worldwide [24]. The competencies are composed of four areas and eight
domains, the four competencies following the four priorities of the Sendai
Framework (Table 9.1).

WHO has recognized the need for training and certification for mass casualty
disaster response [3, 25, 26]. The WHO EMT (Emergency Medical Team) initiative
is a program for healthcare professionals who desire to respond rapidly to global
healthcare disasters — from earthquakes to Ebola outbreaks [25]:

The mission of the EMT initiative is to enhance preparedness and promote the rapid deploy-
ment and efficient coordination of Emergency Medical Teams adhering to minimum stan-
dards in order to reduce the loss of life, alleviate suffering, and prevent long-term disability
as a result of disasters, outbreaks and/or other emergencies...

Although in principle ready for rapid deployment to a disaster site anywhere
globally, a WHO EMT has no integration with the local or in-country healthcare
system and is intended to function independently [26]:

[EMTs] come from governments, charities (NGOs), militaries and international organisa-
tions such as the International Red Cross/Red Crescent movement. They work to comply
with the classification and minimum standards set by WHO and its partners, and come
trained and self-sufficient so as not to burden the national system.
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The need to establish and maintain quality healthcare for true progress in global
health has recently been documented [27, 28]. At the 2005 World Health Assembly
(WHA), the International Health Regulations (IHR) were adopted as a reporting
mechanism for countries to certify their “capacity to respond promptly and effec-
tively to public health risks and public health emergencies of international concern”
[29]. In 2016, WHO published the first edition of the Joint External Evaluation
(JEE) tool to enhance quality healthcare reporting by countries worldwide, a key
aspect of the JEE being that “rapid and effective response requires multisectoral,
national and international coordination and communication” [29]. In the JEE sec-
ond edition, the indicators most relevant to mass casualty disaster response (assessed
through site visits to the country undergoing JEE by international experts) are the
following (R = respond phase) [29]:

R.1.1: Strategic emergency risk assessments conducted and emergency resources
identified and mapped.

R.1.2: National multisectoral multihazard emergency preparedness measures,
including emergency response plans, are developed, implemented, and tested.

R.2.1: Emergency response coordination.

R.2.2: Emergency operations center (EOC) capacities, procedures, and plans.

R.2.3: Emergency exercise management program.

R.4.1: System in place for activating and coordinating medical countermeasures
during a public health emergency.

R.4.2: System in place for activating and coordinating health personnel during a
public health emergency.

R.4.3: Case management procedures implemented for IHR relevant hazards.

R.5.1: Risk communication systems for unusual/unexpected events and emergencies.

R.5.2: Internal and partner coordination for emergency risk communication.

R.5.3: Public communication for emergencies.

R.5.4: Communication engagement with affected communities.

R.5.5: Addressing perceptions, risky behaviors, and misinformation.

The goal of the JEE is for countries to achieve a score of *“5” (“sustainable capac-
ity”) in all indicators for the major categories of “Prevent,” “Detect,” and “Respond.”
To achieve a score of ““5,” innovative and ambitious programs must be developed
and implemented. The proposals offered in this chapter (expansion of the trauma/
stroke center model, collaboration of healthcare personnel across borders, and
incorporation of progressive technologies on a global scale) can help achieve JEE
scores of “5” worldwide.

Current Status of Mass Casualty Disaster Response: Summary

Integrated mass casualty disaster response has made modest progress on the country
level — Israel likely being the most progressive example. On the global level, there
are exemplary training and certification programs — thanks to international
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organizations such as WHO and ICN — but integration (or even coordination) with
local healthcare resources in the country of the disaster site is markedly inadequate.

From the trauma aspect, mass casualty disasters result in fractures and internal
bleeding that require emergency care by orthopedic surgeons and general surgeons,
respectively. Intracranial bleeding (e.g., epidural and subdural hematomas) and spi-
nal trauma require emergency care by a neurosurgeon. To reduce morbidity and
mortality in mass casualty disasters globally, the care must be available in minutes
to hours, not the many days to a week or more that is the current standard.

Resources for Mass Casualty Disaster Response

Trauma/Stroke Centers

World War II was a major impetus for trauma treatment as a special aspect of health-
care delivery. Dedicated trauma teams appeared in several English hospitals follow-
ing World War II; similar teams appeared in the USA in the 1950s and 1960s [30,
31]. The trauma center concept became formalized in the USA in the past 20 to
30 years, and the value of the Level 1 (the highest certification) trauma center in
reducing mortality has been established [32]. The stroke center concept has become
formalized somewhat more recently in the USA (in the past 10 to 15 years), and
Comprehensive Stroke Centers (the highest certification) have also been shown to
reduce mortality [33]. In the UK, there are approximately 30 trauma centers; in the
USA, there are approximately 200 each of Level 1 trauma centers and Comprehensive
Stroke Centers.

The benefits of the trauma/stroke center go far beyond acute care. Not only are a
full complement of surgical and medical subspecialties required but also services
such as extensive radiology, pathology, and laboratory (including blood bank)
resources. Enhanced pre-hospital care (i.e., ambulance service) and rehabilitation
facilities are necessary; ancillary programs such as community education on injury
prevention and lifestyle optimization are common.

The value of the resources a trauma/stroke center provides for day-to-day non-
trauma/non-stroke emergency care should not be underestimated. One only needs to
consider the thousands of women worldwide who die each year in childbirth because
of lack of basic surgical and blood bank resources. A less obvious example comes
from a nationwide study in India regarding deaths from acute abdomen [34]. Across
India, low-mortality clusters from acute abdomen were more likely than high-
mortality clusters to be closer to well-resourced district hospitals (i.e., those with
24/7/365 surgery/critical care), but not for district hospital with only basic resources.
The authors concluded [34]:

Full access to well-resourced hospitals within 50 km by all of India’s population could have
avoided about 50,000 deaths from acute abdominal conditions, and probably more from
other emergency surgical conditions.
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The trauma/stroke center model has significant benefits not only for mass casualty
disasters but also for day-to-day events requiring critical care and/or surgery.

Personnel for Mass Casualty Disaster Response

Two aspects of mass casualty disaster response are particularly relevant for neuro-
surgeons. The first has been made clear by the COVID-19 pandemic: neurosur-
geons, frequently subspecialty-trained, may need to become generalist physicians
to meet the specific requirements of the type of disaster. For the COVID-19 pan-
demic, pulmonary and intensive care management may overshadow neurosurgical
conditions; measures to minimize the spread of a pandemic may render non-life-
threatening neurosurgical procedures of secondary importance.

The second aspect is the possible need — in overwhelming mass casualty events —
for “negative triage,” i.e., rationing emergency care to those who are most likely to
survive. Negative triage is a grim concept familiar to wartime military surgeons, but
much less so to civilian surgeons. Establishing mass casualty centers will make the
occurrence of situations requiring negative triage much less frequent.

Several programs to train personnel for expertise in mass casualty disaster
response — at both the national and international levels — have been noted above. At
the international level in particular, however, such highly trained personnel will not
have the benefit of having worked previously (i.e. prior to the disaster) with the local
healthcare personnel when a disaster strikes. There is no better training for the coor-
dinated response a disaster requires than working side by side on day-to-day health-
care delivery for an extended period of time prior to the disaster. That is one of the
keys to the success of the trauma/stroke center — the integrated team approach.

Over the past several decades, in many medical/surgical specialties (including
neurosurgery), the concept of “twinning” or “dyads” between medical centers in
HICs and LMICs has been developed. In neurosurgery, the concept grew out of
individual neurosurgeons from a HIC neurosurgical program making repeated visits
to the same LMIC neurosurgical program. Typically the twinning program would
expand with the personnel going in both directions for several months at a time —
HIC to LMIC and LMIC to HIC — and additional personnel (residents, nurses, anes-
thesiologists, etc.) would be incorporated in the exchange. The many issues that
need to be addressed to make an LMIC neurosurgical program viable — for both
disaster response and day-to-day care — have been documented; it is “a time-
consuming endeavor and requires both horizontal and vertical integration within the
local health system” [35].

Examples of twinning programs in neurosurgery that have developed over the
past decade include medical centers in the following countries: Uganda-USA,
Ukraine-Canada, and Myanmar-Switzerland [36-38]. In general surgery, the
American College of Surgeons Operation Giving Back program has partnered 13
training programs in the USA with Hawassa University in Ethiopia, a twinning
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effort that is improving the number and quality of general surgeons throughout sub-
Saharan Africa [39].

Twinning programs not only provide an ongoing platform to develop quality
medical/surgical training and care in LMICs for both emergency and non-emergency
conditions but also establish long-standing collaborations between healthcare pro-
viders in HICs and LMICs. Enduring relationships and interactions that twinning
programs foster can enhance the benefit of training and certification programs for
disaster response such as the WHO EMT initiative and the ICN competencies for
disaster nursing. Coordination among both twinning programs and disaster response
programs worldwide can result in truly rapid and effective mass casualty disaster
response as well as improved day-to-day healthcare.

Resilient and Mobile Equipment

Although the need for resilient and mobile medical/surgical equipment is obvious
during disasters such as earthquakes, storms, and terrorist events that disrupt the
healthcare infrastructure, in many LMICs, events such as power outages are still
routine occurrences. Thus, resilient and mobile equipment can benefit day-to-day
care as well as mass casualty disasters. Examples relevant to surgical care include
portable ORs and mobile, battery-powered CT scanners (Fig. 9.2) [40, 41]. Together

e
o Tmageaitote 63 (1818 G

@nimom -

N e
Bs

1-

=

LT -m — [T o) — LIDT T

Loft - Mobile head CT scanner (438 kg), Right - Mobilo body Ct scanner (726 kg). (reforence R2)

W b iy Weight 1700 Ra 71 g

- |

- !

i ey iz
s <
: i;
i

l

2

— 20 (70 0B — — % PAbon—

LI e TE ]

Fig. 9.2 (a) Left — mobile head CT scanner (438 kg). Right — mobile body CT scanner (Ref. (34)).
(b) Left — portable CT-equipped operating room. Right — mobile CT-equipped clinic (Refs.
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with devices such as portable oxygen generators, this equipment allows both surgi-
cal procedures and critical care to be performed virtually anywhere (i.e., a surgical
field hospital) — with delivery either by surface (road) transport or by helicopter
transport of containerized facilities and equipment.

Telemedicine and Telepresence

The benefits of telemedicine have been especially apparent during the COVID-19
pandemic [42, 43]. However, telemedicine has been an increasingly essential part of
improved healthcare for LMICs for years, as evidenced by organizations such as the
International Virtual e-Hospital Foundation and the Apollo Telemedicine Network
Foundation [44, 45]. Not only does a robust country-wide telemedicine program
benefit daily consultations between remote facilities and specialists in a tertiary
hospital — as documented in Albania and Cabo Verde [44] — but it can be extremely
cost-effective due to the reduction in transfers of patients who prior to telemedicine
evaluation would be unnecessarily transported to a higher level of care, as has been
documented for neurotrauma patients in Albania as well as other disciplines in both
Albania and Cabo Verde [44, 46].

A recent pilot study in Malaysia has integrated smart glasses (worn by a physi-
cian or other healthcare providers) with telemedicine to provide a more interactive
exchange of information between a remote provider (e.g., a specialist) and person-
nel (wearing smart glasses) in an ICU setting [47]. Telementoring is another appli-
cation that can improve the quality of both emergency and routine care. A further
example of cost-effective technology to enhance telemedicine is teleultrasound:
healthcare providers can be quickly trained to use ultrasound in the ICU setting to
provide patient information rapidly to a specialist who may be remotely located
[48]. The benefits of a robust telemedicine system have been noted not only for
regional security organization such as the North Atlantic Treaty Organization
(NATO) but also detailed for disaster response in particular [42, 49].

Information Technology (IT)

Documentation of healthcare quality is key to improvement in healthcare outcomes
[27, 28]. In the previous section, we saw examples of how telemedicine can improve
emergency and acute patient evaluation. One of the recommendations of The Lancet
Global Health Commission to improve healthcare in LMICs (and globally) is “mea-
sure better” [27]:

Quality measurement should be parsimonious, timely, and transparent...The high-quality
health systems toolkit should include...real-time health system intelligence sys-
tems...Investing in national institutions and expertise for measurement and translation of
evidence to policy is crucial for making use of the data.
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To “measure better,” not only is a user-friendly, standardized electronic health
record (EHR) necessary, but the effects of interventions and technologies need to be
tracked. The benefits of telemedicine on ICU mortality have been documented
recently [50]. Furthermore, digitization of information with IT allows artificial
intelligence (AI) to improve care, as discussed recently in regard to neurocritical
care [51]. To quote the authors’ summary [51]:

Al has the potential to reduce healthcare costs, minimize delays in patient management, and
reduce medical errors.

Smartphone availability globally (i.e., sales to end users) has surged in the past
decade: from approximately 300 million per year in 2010 to 1.5 billion per year
since 2016 [52]. The accelerometer (to detect falls or significant trauma) and global
positioning system (GPS) make smartphones invaluable in day-to-day emergency
care as well as mass casualty disaster response. Perhaps the most extensive use of
smartphones for emergency response has been developed by GoodSAM [53]. From
dispatching emergency response personnel to the site of an emergency to alerting a
“good Samaritan” witness to a cardiac arrest of the nearest automated external defi-
brillator (AED) — or delivering an AED immediately by drone — GoodSAM’s use of
smartphone capabilities has led to partnering with numerous ambulance and emer-
gency response organizations throughout the UK. In western Kenya, a mobile
phone-based Uber-like transport system (mostly motorcycle taxis) has been devel-
oped to lessen maternal mortality by reducing transport time for in-hospital delivery
as well as by increasing participation in antenatal and postnatal care visits [54].

The Kenya maternal health program is an example of HIC IT pairing with LMIC
practical ingenuity. The key to effective and efficient global mass casualty disaster
response — like global healthcare in general — is collaborative innovation [55]. Our
collective imagination is limitless!

Drones and Robots

Drones and robots, like smartphones, have myriad potential applications in mass
casualty disaster response. Their use in transporting cardiac defibrillators to heart
attack victims (with simple directions so a passerby can administer the device) and
items like blood products, medications, and lab specimens to remote sites is well-
documented [56-58]. The company Zipline has a drone that can carry a payload of
1.75 kg up to 80 km at 100 km/h; such drones have been in daily use for medical
supplies transport in Ghana and Rwanda, where difficult terrain makes ground
transport impractical [58].

For mass casualty disaster response, multiple drones with high-resolution cam-
eras can provide triage personnel (through smart glasses) with constantly updated
images of the disaster site. Sophisticated thermal imaging can identify living per-
sons at night, under rubble, and in terrain inaccessible by ground-based search
teams. As with smartphones, the combination of HIC and LMIC ingenuity can
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optimize the role of drones and robots in both day-to-day healthcare and mass casu-
alty disaster response.

Mass Casualty Disaster Response: Improving Global
Health Daily

The Cost of “Routine” (I.E., Non-disaster) Care: Trauma
and Otherwise

The global economic burden of failure to treat surgical conditions in general — and
mass casualty conditions in particular — is enormous. In 2015, The Lancet
Commission on Global Surgery projected the loss in gross domestic product (GDP)
in LMICs from the failure to treat surgical conditions for the years 2015 through
2030 (Fig. 9.3) [9]. In 2020 alone, the loss in LMIC GDP from the two major condi-
tions — trauma and neoplasia — will likely exceed US$500 billion; by 2030, the
cumulative loss will likely exceed US$12 trillion.

We cannot afford not to address this huge global economic burden. By establish-
ing resilient and integrated mass casualty response centers worldwide, the benefit is
not only improvement in mass casualty disaster response — but also a remarkable
“return on investment” for day-to-day healthcare. The former lead of the WHO’s
Emergency and Essential Surgical Care Program — Walter Johnson — and his col-
leagues estimated the cost of improving the surgical resources in the 88 lowest-
income countries over the 15 years 2015-2030 would be US$420 billion; the cost in
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Fig. 9.3 Annual and cumulative GDP lost in LMICs from five surgical conditions (2010 USS$,
purchasing power parity). Data are based on WHO’s Projecting the Economic Cost of 11l Health
(EPIC) model (Ref. (9))
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terms of disability and lost productivity over the same period if that investment is
not made would be over US$12 trillion [59]. For every dollar invested, 25 dollars
are saved!

Integration for Global Health: Across Specialties, Across
Countries, and Across Continents

For decades, the trauma/stroke center model has integrated medical/surgical disci-
plines across the entire spectrum of healthcare personnel: from prevention programs
to pre-hospital care to emergency surgery and ICU care to rehabilitation to medical/
surgical research and from physicians to nurses to administrators to the support staff
essential for 24/7/365 full-service healthcare. Recently, innovations from smart-
phones to telemedicine to drones — increasingly available in LMICs thanks to tech-
nological progress and economies of scale — have made “standard-of-care” health in
HICs potentially available in LMICs worldwide.

The world’s countries have agreed on international standards that make possible
phone calls to the most remote villages, wireless money transfer to an impoverished
family member anywhere, and — for the more well-to-do — air travel to any com-
munity with an airport. The pervasiveness of the Internet worldwide over the past
several decades has made communication among healthcare professionals every-
where something we now take for granted.

Perhaps the best example of global integration specifically in healthcare is the
Digital Imaging and Communications in Medicine (DICOM) standard that defines
the formats for the exchange of medical images [60]. It was realized over 35 years
ago that images generated by CT and magnetic resonance imaging (MRI) scanners
would need a standard format for communication. It was about 20 years later, in
2004, that web access to DICOM objects (WADO) was added to exchange DICOM
images over hypertext transfer protocol (HTTP) connections. A quote from the
scope and purpose of the DICOM standards committee is informative [60]:

The mission of the DICOM Standards Committee (“DSC”) is to create and maintain an
international standard for the communication of biomedical, diagnostic and therapeutic
information in those medical disciplines that use digital images and associated data...

The Standard is cooperatively developed. Its governance has been designed to ensure a
balanced representation of stakeholders worldwide who share the vision. The over-
whelming majority of diagnostic medical-imaging manufacturers including every major
vendor in the world has incorporated the standard into its product design, and most are
actively participating in the enhancement of the standard. Most biomedical professional
societies throughout the world support and participate in the enhancement of this standard.

Where would global healthcare be today — from webinars to telemedicine — without
the DICOM standard? Certainly a shared platform for the exchange healthcare
information worldwide, e.g., a standard for medical data collection for quality
assurance and research purposes, is technically a modest challenge in comparison
with that faced by the founders of DICOM.
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The ability to share medical information worldwide goes far beyond collabora-
tions between healthcare institutions in HICs and LMICs. Quality assurance and
determination of “best practices” (in terms of both outcomes and cost-effectiveness)
are benefits of the sharing of evidence-based medicine globally. Research platforms
from Berlin to Bujumbura (Burundi) can share protocols. Standardization of medi-
cal education — with input from both LMICs and HICs — is another benefit of a
global network of mass casualty centers sharing a common data collection and com-
munication platform.

Integration of the various healthcare providers within a country has extensive
benefits. Military emergency response resources augment the capabilities during
mass casualties; the same military emergency response resources (e.g., ambulances
and helicopters) can maintain proficiency by providing day-to-day emergency care
for the population as a whole (and thus reducing the exercises needed in order for
emergency response personnel to “stay current”). Military healthcare facilities such
as clinics and hospitals tend to be underutilized when the military is not involved in
warfare (i.e., the majority of the time), providing additional medical resources for
the underserved civilian sector.

Integration at the worldwide level can take programs such as the WHO and ICN
certification standards for emergency response and expand those standards to day-
to-day healthcare delivery as well. The distinction between a trauma nurse or sur-
geon and a disaster response nurse or surgeon becomes moot when centers are
established that are sufficiently resilient and comprehensively equipped to address
both day-to-day healthcare and mass casualty occurrences.

Following the Lancet Commission on Global Surgery 2030 report [9], the
National Surgical, Obstetric, and Anesthesia Plan (NSOAP) was developed for
countries to have a framework to develop surgery in LMICs in order to meet
the four priorities of the Sendai Framework for Disaster Risk Reduction
(Table 9.2) [61]. It has been argued recently that resilient healthcare systems
are essential for both surgical improvement and disaster planning — and that
there have been parallels in disaster management and global surgery policy
development over the past 50 years (Fig. 9.4) [61]. Integrating the develop-
ment of both surgery and mass casualty disaster response is an important step
in realizing the healthcare-related UN Sustainable Development Goals (SDGs)
for 2030 [62].

Table 9.2 National Surgical, Obstetric, and Anesthesia Plan (NSOAP) domains

1. Infrastructure
2. Workforce
3. Service delivery

4. Financing

5. Information management

6. Governance
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Never Let a Disaster Go to Waste

In 1976, Myron F. Weiner published an article entitled “Don’t Waste a Crisis — Your
Patient’s or Your Own” in Medical Economics [63]. Various others have expressed
a similar sentiment since, i.e., that a crisis or a disaster should be viewed as an
opportunity for improvement (for Weiner, the message was using a medical crisis to
improve one’s personality, mental health, or lifestyle).

The same can be applied to mass casualty disasters. We can take the challenge of
mass casualty disasters worldwide to improve day-to-day healthcare globally. Not
only will mass casualty morbidity and mortality be reduced, but day-to-day morbid-
ity and mortality will also be markedly reduced.

The economics clearly favor a modest investment at present to avoid an expense
that is orders of magnitude greater in the future — not to mention the humanitarian
benefits.

The only thing standing in the way of this improvement is a collective lack of
common sense!
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Chapter 10
The Role of Neurosurgery Quality of Care
and Patients Safety in Global Health

Souhil Tliba, Abdulrahman Al-Shudifat, Maria M. Bederson,
and Teresa Somma

Quality of Care and Patient Safety in Medicine:
Historical Background

Since the days of Hippocrates, the general population has been attentive to
issues regarding the characteristics of patient care in terms of quality and
safety. This can be implied from Hippocrates’ (460-370 BC) writing
“G@okeely, MepL T@ vouonpata, 5Uo, whehésw, i pn Bhdntsw”’ translated “To work around
the diseases in two ways, do good and do no harm,” where the do good stands for
quality and the do no harm stands for safety. Later in history, only the second part
of the sentence was passed along and changed to “first, do no harm.” It took centu-
ries to translate these concerns into local policies. Clinical hazards and patients’
safety were acknowledged by most countries as significant concerns within the
workplace in the early 1990s and eventually turned into an international priority in
the early 2000s.
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The first references to medicine belong to the Egyptian world (2700 BC) where
Imhotep describes the diagnosis and treatment of 200 diseases. In these descrip-
tions, sickness is connected to a magical concept. Later, there was the birth of
Mesopotamian medicine, whose main written testimony is the Code of Hammurabi
(about 1772 BC). Medicine assumes the value of an autonomous science in its first
form of medical science. With Hippocrates, ancient Greek medicine transitioned
from the pre-scientific phase — linked to magical and religious practices and beliefs —
and organized around a decidedly rational, rigorous, and empirical methodology. In
the Middle Ages, surgical practices inherited from the ancient masters were
improved and then systematized in Rogerius’s The Practice of Surgery. During the
later centuries of the Renaissance came an increase in experimental investigation,
particularly in the field of dissection and body examination, thus advancing our
knowledge of human anatomy. The development of modern neurology began in the
sixteenth century. Public health measures started being developed in the nineteenth
century.

Neurosurgery, or premeditated incision in the head to relieve pain, has been
around for thousands of years. The Incas practiced a procedure known as trepana-
tion since the Late Stone Age. During the Middle Ages in Al-Andalus from 936 to
1013 AD, Al-Zahrawi performed surgical treatments of head injuries, skull frac-
tures, spinal injuries, hydrocephalus, subdural effusions, and headaches. There was
not much progress in neurosurgery until the late nineteenth and early twentieth cen-
turies. The final establishment of modern neurosurgery has been linked to the
development of clinical neurology, neuropathology, neurophysiology, and neuro-
anesthesiology. Great improvements occurred with the creation of extremely pre-
cise tools.

Concepts and Definitions: Quality, Complication, Incident,
and Error

The word quality remains standard and yet its meaning varied, obeying constraints
of space, time, and matter, that is to say that although the soul aim of quality of care
is to serve the patient and to ease his suffering by devoting all the means present
(technical platforms, human skills) and planned (training, mobility, comprehensive-
ness) to serve him, the ways in which such improvements of quality are achieved
must be contextualized. Quality of care is understood differently in various parts of
the world, for example, the Institute of Medicine (IOM) defines healthcare quality
as “the degree to which health care services for individuals and populations increase
the likelihood of desired health outcomes and are consistent with current profes-
sional knowledge.”

Quality measurements typically focus on structures or processes of care that
have a demonstrated relationship to positive health outcomes and are under the
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control of the healthcare system. Even in antiquity, the ancient philosophers such as
Aristotle and Plato contemplated the concept of quality of care. Harteloh [1] consid-
ered multiple interpretations of quality and concluded with a very abstract defini-
tion: “Quality is an optimal balance between possibilities realized and a framework
of norms and values.” In the modern era of evidence-based medicine, the improve-
ments in quality are measured in clinical outcome metrics such as length of survival,
disease-free survival, and quality of life.

In the 1950s, American statistician, William Edwards Deming [2], introduced
and influenced the concept of continuous quality improvement with a cyclical
method that changed the world of management. Indeed, today we are talking about
the Deming wheel or the Plan, Do, Check, Act or Adjust (PDCA) method that can
be adapted to all areas (Fig. 10.1). The health sector, which has experienced very
important scientific advances, quickly adopted this concept of continuous quality
improvement and has since generalized it to different disciplines and procedures.
Neurosurgery has adhered to this dynamic because it has orchestrated its technical,
training, and research activities in flexible and evolving protocols and guidelines
over time.

Any divergence from the common preoperative course is defined as a complica-
tion. The definition of complications fails to consider sequelae or curative failure
into its proper academic description. A myriad of scales was formulated to quantify
the severity of a complication within the neurosurgical field. Based on the charac-
teristics of therapeutic complications, grading systems were proposed and validated
in the field of general surgery, such as the Clavien-Dindo classification system [3].
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Fig. 10.1 The Plan, Do, Check, Act or Adjust (PDCA) method
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The WHO describes healthcare incidents as any event or occurrence which
resulted or could have resulted in patient harm [4]. Healthcare incidents are charac-
terized by either being harmful (i.e., resulting in adverse effects) or non-harmful
(i.e., results in near misses or zero harm occurrences). Presently, the term “adverse
effects” commonly corresponds to harmful incidents. The reporting of incidents,
whether they are harmful or not, is actively encouraged throughout the health sec-
tors of various countries.

Patient safety must therefore also be considered as an aspect of quality of care.
Patient safety was defined by the Institute of Medicine (IOM) as “the prevention of
harm to patients.” Emphasis is placed on the system of care delivery that must pre-
vent errors — learn from the errors that do occur — and built on a culture of safety that
involves healthcare professionals, organizations, and patients.

In neurosurgery, the rate of complication and mortality remains significant, due
to the complexity of the procedures and the high risk of errors that can lead to life-
long disabilities and fatalities. The complex nature of neurosurgery is deeply associ-
ated with slim margins for errors and potential of life adverse events. This has driven
a continuous innovation within the field since the earliest times. New ideas, new
technologies, or new surgical techniques have therefore remained a cornerstone of
the specialty. However, such innovations are expensive and can only be maintained
by instituting an equity/quality value-based healthcare systems in which effective-
ness and cost of care are both taken into consideration. The ultimate goal of neuro-
surgery is to implement innovations that provide maximal improvement in quality
at minimal cost. Furthermore, novel techniques or technologies should be assessed
in an ethical manner to adequately care for the millions of world inhabitants without

Table 10.1 Patient safety key facts

The occurrence of adverse events due to unsafe care is one of the ten leading causes of death
and disability in the world

In high-income countries (HIC), it is estimated that one in every ten patients is harmed while
receiving hospital care. The harm can be caused by a range of adverse events, with nearly 50%
of them being preventable

Each year, 134 million adverse events occur in hospitals in low- and middle-income countries
(LMICs), due to unsafe care, resulting in 2.6 million deaths

Another study has estimated that around two-thirds of all adverse events resulting from unsafe
care and the years lost to disability and death (known as disability-adjusted life years, or
DALYS) occur in LMICs

Globally, as many as four in ten patients are harmed in primary and outpatient healthcare. Up to
80% of harm is preventable. The most detrimental errors are related to diagnosis, prescription,
and the use of medicines

In OECD countries, 15% of total hospital activity and expenditure is a direct result of adverse
events

Investments in reducing patient harm can lead to significant financial savings and more
importantly better patient outcomes. An example of prevention is engaging patients; if done
well, it can reduce the burden of harm by up to 15%

OECD Organisation for Economic Co-operation and Development (https://www.oecd.org)
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access to neurosurgical care. Table 10.1 summarizes a few important key facts about
patient’s safety [5-8].

Access to Healthcare Inequality and Socioeconomic Disparities

Access to healthcare is an important point of quality of care across the globe with
differences among nations and within each nation. Maria Punchak et al. [9] had
qualified for the first time the timing access to healthcare in low- and middle-income
countries (LMICs) using algorithms using a satellite geolocation software
(Table 10.2). In this work, the delay of 02 hours regardless of the means of transport
was taken as a benchmark.

Additional socioeconomic disparities can affect the availability of infrastructure
necessary to perform successful neurosurgery, such as availability of anesthesia and
nurses, prolonged wait time, and insufficient training [10]. The lack of access to
safe, timely, affordable surgical and anesthesia care are nearly universal. However,
these barriers affect only 5% of the population in high-income countries (North
America, Western Europe), while 95% of the population in low-income countries
(South Asia, sub-Saharan Africa) is affected. In the latter areas, 143 million addi-
tional surgical procedures, among which 15% are neurosurgical, are needed each
year to save lives and prevent disability [11]. Table 10.3 summarizes a classification
system proposed by the WFNS used to stratify establishments according to the level
of neurosurgical care provided [10].

Global Health Non-governmental Efforts in Quality of Care
and Safety Policies

Over the past two decades, the concept of “Global Health” has emerged in the field.
An ideal Global Health system would be one in which physicians can provide
healthcare to patients rapidly, in some cases instantaneously. Globalism mandates
an effort to achieve equality both between different continents and nations and
between different categories within the same country, requiring technical-scientific

Table 10.2 Timing access to neurosurgery units in 68 LMICs

No access to neurosurgery 11 countries

Access in less than 02 hours Sub-Saharan Africa: 25.26%

Latin America and the Caribbean: 62.3%
East Asia and the Pacific: 29.64%

South Asia: 52.83%

Middle East and North Africa: 79.65%
Eastern Europe and Central Asia: 93.3%
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Table 10.3 Stratification of hospital and city levels according to the WFNS

Establishments Cities

Level 0 | No neurosurgery No neurosurgeon

Level 1 | Macro-neurosurgery At least one neurosurgeon
(trauma)

Level 2 | Basic At least one neurosurgeon + CT or MRI imaging and bipolar
micro-neurosurgery cautery

Level 3 | Micro-neurosurgery At least one neurosurgeon + CT or MRI imaging, bipolar
(high level) cautery, microscope, and a high-speed drill

adaptations as well as economic, political, moral, or ethical adaptations. However,
such a system implies a shift in mentality and behavior that are likely to be slower
than the speed at which telemedicine may allow our world to adopt such a health-
care system.

The theory and practice of policymaking has advanced through a concomitant
wave of research, which was conducted in parallel to the development of the field.
The importance of safety, its slow progress, and its dire need for future improve-
ments through creative ideas were demonstrated in landmark reports, published at
the turn of the twentieth century. Such reports include but are not limited to “To Err
is Human” (IOM, 1999) [12], “An Organization with a Memory” (Donaldson,
2000), and “Crossing the Quality Chasm” (IOM, 2001). Around this period, high-
resource countries started creating and promoting specialized agencies dedicated to
the improvement of patient’s care quality and patient’s safety programs across their
healthcare organizations. Such specialized organizations include the National
Patient Safety Agency in Britain (2001), the Agency for Healthcare Research and
Quality in the USA (1999), and the Australian Council on Safety and Quality in
Healthcare (2000).

One example of health policy assessment in developed countries is a review of a
decade worth of safety-related activities throughout the health sector of North
Carolina. The review demonstrates that 18% of patients exhibited harmful incidents
during their hospital stays. Sixty-three percent of these injuries were preventable.
Moreover, the report shows that 2.4% of medical errors have resulted in death, while
2.9% of patients exhibited permanent injury. The results of such observation hold
much significance since North Carolina has been the most involved state in improv-
ing its patient’s safety program more than any of its state counterparts [13].

The World Federation of Neurosurgical Societies (WFNS) along with other
international neurosurgical societies has been particularly active on the subject of
quality of care and patients’ safety and collaborates officially with World Health
Organization (WHO). WENS representatives attend the annual meeting of the
World Health Assembly (WHA) with an active and growing number of neurosur-
geons. This strong presence led to the creation of a WFENS-WHO Liaison Committee,
hence offering a key position to neurosurgery representatives to debate and make
proposals for the quality and safety of care in health systems, including a fundamen-
tal place for training programs.
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WHO has prioritized improving the quality of patient care for the past two
decades. Their efforts are demonstrated through their published manual and global
program for the development and promotion of healthcare policies of acceptable
quality at the national level [14—16]. The development of healthcare policies evolved
at a very rapid pace. Such policies leapt from the national level, and many have now
been adopted globally such that the health and safety of patients is at the core of all
developed mandates and regulations.

With the introduction of the Lancet Commission on Global Surgery (LCGS) and
the WHO resolution (WHA®68.15) in 2015, global surgery has reached its goals in
terms of healthcare policy development. Once considered an overly complex field,
neurosurgery has integrated itself into mainstay global health discussions due to
several improvements. These improvements were in the form of planned directives
that emphasized the need for neurosurgical expansion, which led the WHO to place
neurosurgery as a top priority in their Emergency and Essential Surgical Care
program.

Subsequently, neurosurgical input regarding healthcare was assimilated into the
Bogota Declaration on Global Neurosurgery on 2016 at the International Conference
on Recent Advances in Neuro-traumatology in Bogota, Colombia. The declaration
addressed a variety of neurosurgical related concerns such as the non-optimal global
delivery of neurosurgical care, prehospital care, training, education, research, equip-
ment, and initiatives for neurosurgical innovation. As of late, the Global Neurosurgery
Initiative (GNI) of the Program in Global Surgery and Social Change (PGSSC)
demonstrated that each year five million emergency and neurosurgical operations
are in deficit. Consequently, the availability of neurosurgical services was geospa-
tially mapped by the WENS and PGSSC. Such mapping allows for the adjudication
of policymakers on both the national and international levels since they can visual-
ize which areas need critical neurosurgical services.

The lack of patient safety is mostly found in preventable errors, which the WHO
estimates to be around 10%. These have direct consequences on the state of health
of patients including mortality, disability, pain, and physical and psychological
trauma with economic consequences also estimated at a loss of 10% of total health
spending in the countries.

According to the Organisation for Economic Co-operation and Development
(OECD), “one of the most important developments of the last decade is the general
awareness of quality issues in health care. In OECD countries, signs of serious qual-
ity deficiencies are increasing, resulting in deaths, disabilities or health conse-
quences which should not have occurred, and increased the health care costs.”
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Quality of Care and Patients’ Safety Initiatives
in Neurosurgery

In 1999, the American College of Surgeons validated the start of a quality improve-
ment project called the National Surgical Quality Improvement Program (NSQIP).
The integration of this program allowed hospitals to voluntarily report the out-
comes of surgical operations up to 30 days of postoperative care in an open-access
manner. Since then, the NSQIP has been utilized as a vital source for the examina-
tion of worldwide trends in neurosurgical outcomes (3-7). Nonetheless, the
NSQIP’s data was faced with various skepticisms due to its systematic inaccuracies
and lack of validity [17]. In response, the American Association of Neurological
Surgeons launched the Cerebrovascular Module of the National Neurosurgery
Quality and Outcomes Database (N2QOD) in 2014. The database’s primary goal is
to present and report on the quality of neurosurgical care, with a special focus on
clinically significant data. In April 2014, the Society of British Neurological
Surgeons started the Neurosurgical National Audit Programme (NNAP). The aim
of the NNAP is to publish reports about the 30-day mortality rates associated with
neurosurgical care as seen appropriate by neurosurgeons and surgical units all over
the nation.

Overall, public registries of reliable and clinically significant data on surgical
outcomes are always appreciated by the body of medical practitioners. Patient sat-
isfaction has recently emerged as a popular predictor of quality of care, despite
being a poor proxy for general quality of care and postoperative morbidity. The use
of such predictor ranges from hospital reimbursements in the USA to inter-treatment
center comparisons in Australia [18, 19].

By integrating healthcare policies and strengthening health system projects and
multilevel advocacy, neurosurgical groups have expanded their scope in the last
5-10 years. Nonetheless, a strong perception dominates, that is, the unfeasibility of
neurosurgical care development in the developing world. This perception must be
challenged using smart, cost-effective, and efficient innovations in order to help the
neurosurgical communities in such areas. Valuable data such as large studies, pre-
dictive models, and machine learning decision-based programs could be the initia-
tors of change on such a global scale.

Surgical checklists improved perioperative outcomes such as mortality and mor-
bidity [19]. Moreover, these improvements were associated with a polished image
of teamwork and safety culture within the context of multidisciplinary surgical
work and among its active members. Such implementation was directly supported
by the WHO Safe Surgery Saves Lives campaign. Unfortunately, the neurosurgical
literature lacks any published reports on the beneficial outcomes of improved team-
work and communication and standardized checklists on standardized clinical care
and neurosurgical safety culture.

Despite the limited amount of evidence, checklist use in neurosurgery has been
found to reduce complications related to hospital-acquired infections, enhance
safety culture within the operating room, and improve patient safety in general.
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Irrespective of their shortcomings, checklists will still be relevant and shall be
improved with advancing research that seeks to mend the gaps within such check-
lists [20].

For example, a study has shown that the use of intraoperative electrical stimula-
tion (IES) can reduce healthcare-related costs and improve patient outcomes in
patients with WHO grade II gliomas, if used in eloquent areas of the brain. The
study demonstrated that the mean cost per QALY for IES-assisted resection is
12,222 US$, while conventional craniotomy costed 31,927 USS$. Moreover, the
IES-treated group has shown decreased morbidity and better preservation of
advanced function. Despite its huge upfront costs, such studies should be focused
on, as they provide evidence for the advantages of innovative technology usage in
terms of patient outcomes and economic costs.

Outcome measures are of increasing importance due to the rise of “pay for per-
formance” phenomenon. Quality initiatives were started in 2007 due to poor rank-
ing performances such as the University HealthSystem Consortium (UHC) report
card. However, common challenges persist such as how to engage providers, how to
ensure the validity of data, how to individualize data, and how to ensure significant
improvements. Post analysis, a strategy was developed to include three metrics
including 1) (mortality, infection rates and complications), 2) neurosurgical leader-
ship qualities, predictors of protocol development and adherence, 3) and subspecial-
ization. In addition, these metrics were altered as to apply them for entire teams and
not only neurosurgeons. More metrics were added (to a current total of 48) as the
program developed and outcomes improved. Such improved metrics involve a
decrease of UHC mortality ratios by 75% and an 80% decrease in infection rates.
The UHC paper provides a practical guideline that could be used among other
groups undertaking similar initiatives.

Future Opportunities to Improve Quality of Care
and Patients’ Safety

Simulation-Based Training Medicine

Modern medical simulation bridges the gamut of sophistication from the simple
anatomic models of individual organs through complex computer-based high-
fidelity human simulators that accurately replicate anatomic and physiological
parameters and allow interaction with medical learners in biologically reproducible
and meaningful ways [21]. Clinical trainees like all physicians occasionally make
errors with some errors likely based on inexperience.

In a simulated neurosurgical environment, the freedom to make errors is a key
component of experiential learning. Errors in a simulation can be allowed to
progress to a simulated bad outcome, allowing the trainee to understand the
implications of the error and, retrospectively, how it could have been detected,
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prevented, and rectified, ultimately improving the quality of care and the safety
of patients.

To improve the quality of neurosurgical procedure, the European Union of
Medical Specialists (UEMS) (Section of Neurosurgery) decided to implement
the quality of neurosurgical training. It is the UEMS’s conviction that the quality
of medical care and expertise is directly linked to the quality of training provided
to the medical professionals, with the development of European standards in
the different medical disciplines. Adopting this principle, no matter where in
Europe the young neurosurgeons train, they should receive the same core
competencies.

New Therapeutic Frontiers and Artificial Intelligence

Healthcare and neurosurgery have already entered their next phase of rapid advance-
ments. By using precision medicine technologies, genetic vulnerabilities to chronic
and deadly diseases at the individual level can now be identified, potentially pre-
empting disease decades later. Gene therapy has been under development for more
than 30 years, but several recent major advances have tipped the scales toward clini-
cal feasibility, including improved delivery methods and the development of robust
molecular technologies for gene editing in human cells. As an example, CAR T
cells are used in the treatment of monogenic diseases, as a possible therapeutic
strategy for the treatment of glioblastomas.

Another important frontier is the development of cancer vaccines. Vaccines that
target the causative agents or tumor antigen have already been shown to be effective.
With these technologies and the wealth of data that will become available as preci-
sion medicine becomes more routine, new discoveries can be expected that identify
the first genetic and inflammatory changes that occur within a pre-cancerous cell.
Thus, opportunities will grow to develop vaccine approaches to prevent cancer ini-
tiation/progression.

The big hope is that 25 years from now, medical sciences will have progressed
enough to enable people to have healthier and more active lives almost up until their
eventual death. Going forward, the direct targeting of mechanisms of aging, includ-
ing with existing drugs, presents an opportunity to reduce disability and illness in
late life. Geroprotective drugs, which target the underlying molecular mechanisms
of aging, are coming over the scientific and clinical horizons and may help to pre-
vent the most intractable age-related disease, that is, dementia.

Artificial intelligence (Al) in neurosurgery can provide individualized guidance
for the prevention and optimal management of medical conditions, acting as a vir-
tual medical coach for patients and a platform for clinicians to review a patient’s
real-time, real-world, extensive, and cumulative dataset [21].

In neurosurgery, Al is used, for example, in the context of deep brain stimulation,
with a device that uses software for processing and analysis of brain signals in real
time, allowing the stimulation to be modulated based on the recorded data. Applying
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techniques in algorithm development and machine learning to multimodal sensing
will extend these technologies to the prediction of affective states and to use feed-
forward and feedback control to deliver therapies to prevent and to stabilize clinical
manifestations.

The idea is that technical objects extend the human organism by repairing, repli-
cating, or amplifying bodily and mental abilities such as exoskeleton used to help a
tetraplegic to walk.

This new current of thought, which has become more real in recent years in the
field of medicine, is called transhumanism. It is possible, and desirable, to use
technology to push the boundaries of what it means to be human and to transcend
our biological condition. The enhancement of technology is leading humanity to a
state in which more perfect beings can be artificially created out of the human
species.

Telemedicine and Global Access to Care

It is great to benefit from technological progress, but it is equally important to ensure
access to care worldwide. To achieve the goal, during the last decades, the focus has
been moved on high-quality care, through a reduction of sanitary costs and a better
distribution of economic resources in order to ensure the best quality and holistic
patient management.

In order to ensure access to care, telemedicine has become more important, to
bring crucial medical expertise to more patients everywhere. The World Health
Organization has adopted the following broad description: “The delivery of health
care services, where distance is a critical factor, by all health care professionals
using information and communication technologies for the exchange of valid infor-
mation for diagnosis, treatment and prevention of disease and injuries, research and
evaluation, and for the continuing education of health care providers, all in the inter-
ests of advancing the health of individuals and their communities.”.

We are entering a new chapter of medicine, one which may realistically offer the
combination of greater safety, truly individualized personalization of therapy, and
substantially reduced morbidity and mortality.
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Chapter 11
Ethical and Legal Consideration in Global
Neurosurgery

Check for
updates

Ahmed Ammar, Stephen Honeybul, Cameron Stewart, Alejandra Rabadan,
and Marike Broekkman

Introduction

Over the past 50 years, the field of neurosurgery has seen the introduction and
acceptance into everyday practice of a wide range of diagnostic and therapeutic
technologies. Many of these advances have significantly increased the capability of
neurosurgeons to solve complex problems and in many circumstances considerably
extend a patient’s lifespan. However, paradoxically as each clinical problem is
resolved, there have arisen new difficult and increasingly complicated ethical and
legal issues.

The ultimate goal of any healthcare system is to provide the best possible
care for its patients. There is evidence showing that patients may get better sat-
isfaction, more benefit, and respond more positively to roles of management if
their cultures, values and beliefs are respected. Respecting and understanding
patients’ values will also improve the communication, and gain patient trust and
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satisfaction, thereby enhancing management alternatives, better compliance,
and definitely better outcome. The ethics and bioethics traditionally were writ-
ten and studied by philosophers. However, the need to implement the ethics in
daily practice challenged neurosurgeons and physicians to study, research, and
bring the ethical principles down from bookshelves to patients’ beds and hospi-
tal facilities. As medicine and neurosurgery successfully crossed the geographi-
cal borders, it has become necessary to understand and appreciate the cultures,
ethics, and values of different nations. The ethical principles are universal; how-
ever, the implementation and understanding may be differing between different
societies.

Ethics, Clinical Ethics, and Values-Based Medicine

A Basic Introduction to Ethics

Ethics is primarily informed by moral philosophy, an enormous field that includes
approaches such as deontology, which focuses on the question of how to develop
universal rules of behavior. It presumes that it is possible to discover right ways of
action and that such judgments should be made on the basis of principles, without
necessarily referring to outcomes. Many deontological approaches are religiously
based, such as in the Abrahamic traditions, but there have also been nonreligious
systems, based on human reason. For example, Immanuel Kant’s (1724-1804) work
was based on a model of universal rules discoverable via “pure” reason. It was Kant
who argued that it was a universal rule that it was unethical to treat a person solely
as means [1, 2].

A second major movement is the consequentialist philosophy of utilitarianism,
which competes most directly with deontology in the way that it focuses on conse-
quences of decision-making as providing reasons for action. For Jeremy Bentham
(1748-1832), the only universal rule was to maximize pleasure and minimize pain.
Each act should be judged on the basis of its consequences and whether they mini-
mized pain and maximized pleasure (act utilitarianism). Other utilitarians, like JS
Mill (1806-1873), argued that rules are important and central to moral decision-
making, but they need to be formulated on the basis of how they maximize pleasure
and minimize pain (rule utilitarianism) [3].

Virtue theory is a third ethical stream that challenges the primacy of both deon-
tology and utilitarianism by arguing that morality should be determined by ques-
tions of what personal attributes we consider to be virtuous or morally excellent.
Aristotle (384 BCE-322 BCE) is the father of virtue theory, but it is also found in
the work of Thomas Aquinas (1225-1274), Philippa Foot (1920), and Alasdair
Maclntyre (1929). This notion has particular resonance for many medical practitio-
ners who find the language of seeking virtue through experience and practical wis-
dom similar to their professional philosophies.
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The feminist theory has also made an enormous contribution to our understand-
ing of the role of sex gender in moral and ethical choices. Carol Gilligan (1936),
argued that women approach ethical decision-making in a way that focuses on peo-
ple and relationships whereas men have a tendency to look for impartiality and
objectivity with a focus on rules and principles. Radical feminists, like Catharine
MacKinnon (1946), melded Marxist ideas of ideology and class structure with fem-
inist ideas and argued that relationship and power structures between men and
women are inevitably based on the domination of men in society.

Postmodern ethics directly challenges the values of reason, autonomy, and free-
dom. For example, Foucault (1926—1984) argued that professionalization of health
and the emergence of new health sciences, like psychiatry and psychology, trans-
ferred power away from the traditional state-based forms and dispersed it into new
system of power/knowledge or bio-power. For Foucault, society has become less
free, more controlling, and more disciplined even while it constantly promotes itself
as being the opposite.

Clinical Ethics and Principle-Based Approaches

Clinical ethics attempts to employ ethical theories into specific healthcare contexts
and apply them to particular clinical problems. The most often cited approach to
clinical ethics is that of Beauchamp and Childress, called the Principles of
Biomedical Ethics (2001). Beauchamp and Childress created an ethical framework
made of four clusters of moral principles, namely [4], the following:

* Respect for autonomy (a norm of respecting the decision-making autonomy of an
autonomous person).

* Non-maleficence (avoiding causing harm).

* Beneficence (providing benefits and balancing benefits against risks and costs).

* Justice (distributing benefits, risks, and costs fairly).

The framework then creates a common structure upon which to test the ethics of
any given bioethical problem that can be employed by people coming from different
ethical traditions.

Evidence-Based Medicine and Values-Based Medicine

Evidence-based medicine is an approach to medicine that requires that medical
practitioners carefully weigh the best scientific evidence available regarding the
conditions affecting patients in order to decide how best to treat them. Because of
its weighting toward best scientific evidence, information generated through a rigor-
ous scientific process is preferred over other forms of knowledge. Criticisms of
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evidence-based medicine point out that very little of the research currently being
generated is useful for application in medicine due to its poor design and construc-
tion. The bulk of everyday medical practice has no evidence base or is at least not
based on evidence generated according to the high standards required by evidence-
based medicine [5].

The emergence of values-based medicine (VsBM) emergence as an approach to
implementing the medical ethics in daily medical practice in some way is a direct
response to these shortcomings in evidence-based medicine. Values-based medicine
can be defined as “medical practice that aims at maximizing value, specifically
desirable or positive value in every step of a patient’s medical management”
(Ammar, 2018: 2) [6, 7]. VsBM stresses the need to place patient care and well-
being at the center of modern medicine. Advocates for VsBM argue that VsBM and
evidence-based medicine approaches should be integrated and complement each
other. It is argued that the combination of the best available medical evidence and
its conversion into usable data for individual patients, based on the patient’s own
wishes and desires for treatment, should deliver higher-quality patient care than a
purely evidence-based approach [8].

The Definition of Law

Laws can be defined as norms generated by a person, or a political body, who has
been given the authority to make law. This approach to defining law is referred to as
positivism because it defines a law purely by reference to whether it was made or
posited by someone with law-making power. According to positivism, there is no
necessary connection between law and morality. Law is defined solely by its origins.

Another way to define law is by examining its content. In natural law theory, law
has a necessary minimum content, so that some commands are not lawful, even if
they come from the sovereign. The minimum content of law requires that there is
some connection between law and morality. This can be seen in some religious
traditions such as Judaism, Christianity, and Islam, but it can also be seen in modern
international laws like the International Covenants of Civil and Political Rights. In
practice, most laws in modern societies come from multiple sources. Some societies
rely primarily on legislation or codes created by parliamentary bodies or councils.
Other laws might originate from custom or from judgments handed down by learned
decision-makers.

Implementation of Ethics in Daily Neurosurgical Practice

We are hereby presenting different real cases, highlighting the impact of ethics on
the decision-making, clinical management, research, innovation, learning curve,
and conflict of interest.
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Mental Capacity and Substitute Decision-Making
for Informed Consent

Illustrative Case

A 14-year-old girl was involved in a high-speed motor vehicle accident. Her initial
Glasgow coma score (GCS) was recorded as 4 (E1, M2, V1). She was intubated and
ventilated in the emergency department and taken to the CT scanner, which con-
firmed the presence of multiple parenchymal contusions. The attending neurosur-
geon was reluctant to proceed to surgery given the likelihood of a poor neurological
outcome. She met with the family to discuss the situation and mentioned nonopera-
tive management. The family insisted that all measures be taken to prevent her death
and asserted that she is strong enough to make a good recovery. The attending
neurosurgeon somewhat reluctantly agrees to proceed. Just before she leaves, the
father states that they are Jehovah’s Witnesses and he refuses point blank to provide
consent for a blood transfusion.

Ethical and Legal Perspective on Consent and Consent Without
Patient’s Capacity

In Western societies, particularly those based on common law traditions, mentally
competent adults have the right to exercise autonomy and refuse any form of treat-
ment that infringes their beliefs, even though it may result in death or serious injury.
Nearly all Western societies recognize the religious rights of Jehovah’s Witnesses to
refuse blood transfusions.

However, our scenario involves a child. Children lack the same legal rights as
adults in most societies, and in common law counties they tend to lack the power to
refuse treatment that is necessary to preserve their health and well-being, even when
they have the capacity to do so. In our situation, the child is incapacitated and unable
to communicate her preferences, but even if she refused a blood transfusion, doctors
in most jurisdictions would be able to do so as children lack the legal right to refuse.

Parents also have the right to refuse consent to treatment, but most societies place
limits around decisions that fail to safeguard the best interests of the child. For
example, in the United States, the United Kingdom, Canada, New Zealand, and
Australia, parents who refuse blood transfusions may have their decisions overrid-
den by doctors when that decision is not concordant with the best interests of the
child (normally after a process of notification and assessment, such as a judicial
review).

Ethically, the respect for autonomy requires the surgeon to emphasize that every
effort will be made to minimize the need for transfusion; however, because of con-
cerns for beneficence and non-maleficence, it must also be clearly stated that the
surgeon would not allow the child to die from lack of blood transfusion. In such
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circumstances, and respecting justice, the surgeon should also be able to explain the
local processes involved in providing blood against the families’ wishes and any
avenues they may have to appeal to decision to transfuse.

Withdrawal and/or Withholding of Futile Treatment

Illustrative Case

The patient is taken to the operating room and a decompressive craniectomy is per-
formed. An ICP monitor is inserted, and she is taken back to the intensive care unit.
Over the following days, she remained stable and her postoperative CT scan con-
firmed adequate decompression. A week postoperatively her sedation was reduced.
Her pupils remained midpoint and fixed, her best motor response was bilateral
flexion, and she consistently triggers the ventilator. Over the following 8 weeks, she
remains clinically unchanged. There are numerous family meetings to discuss treat-
ment withdrawal because the clinical staff feel that ongoing cardiorespiratory sup-
port is futile. However, the family refuse to accept this as the clinical staff could not
state that they were “certain” that she would not make any further recovery, no
matter how small. The patient’s family continues to want “everything to be done”
and accuses the clinical staff of euthanasia.

Ethical and Legal Perspective on Clinical Decision-Making
and Withdrawal of Treatment

In many clinical situations, withdrawing treatment that is providing no clinical ben-
efit should be relatively straightforward; however, the ethical tension rises consider-
ably when the most likely result of treatment withdrawal is the death of a patient.
While some have argued that there is no ethical difference between withholding and
withdrawal of treatment, others have stated that withdrawing treatment is more
problematic once it has been started as withdrawal may involve some active steps,
which might be seen as contributing to the patient’s death. Legally, all higher court
decisions (at least from common law courts in the United Kingdom, Ireland, the
United States, and Canada) appear to adopt the view that withholding and with-
drawing have the same legal status.

It is important that clinicians recognize that these types of decisions are difficult
and may lead to feelings of guilt and responsibility for the eventual death of the
patient [9, 10]. However, the ultimate principle to be adhered to is to act according
to the patient’s wishes (or will and preference) and, in cases where those prefer-
ences are unknown, like the present one, doctors must follow the patient’s best
interests. The importance of will and preference to the best interest’s test means that
doctors should consult with family members to determine what they think is in the
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patient’s best interest. But their views are not determinative, and ultimately the doc-
tor must make an assessment based on the mix of objective and subjective factors,
relating to the individual patient.

In the present case, the clinicians are considering withdrawal because they believe
that ongoing ventilatory support is “futile.” However, as demonstrated, one of the
overriding limitations when considering the concept of futility is that it seems to
imply a level of a certainty that in clinical practice is not only unrealistic but would
appear to provide little room for discussion [11]. Further problems are encountered
when attempting to define why ongoing treatment is futile. Physiologically, all clini-
cal parameters seem to indicate that she has sustained a devastating injury, but it is
not certain that she will not make some recovery. Quantitatively, there is perhaps a
very small chance that she can recover, as has been highlighted in a few, highly pub-
licized cases. Qualitatively, it is not possible to assess the degree to which the patient
and family feel the clinical outcome is acceptable or that the treatment is overly
burdensome. Finally, from a contextual viewpoint, continuing to ventilate a patient
in these circumstances may deny treatment to other, arguably more deserving
patients, especially where healthcare resources are limited.

In these circumstances, a more practical approach is to consider the therapeutic
options as either “proportionate” and “disproportionate.” This allows stakeholders to
acknowledge that a specific treatment may not necessarily be futile but may have
progressively declining benefit and therefore increasing burden in any one particular
clinical situation. In the illustrative case, it could be argued that the initial surgical
intervention was proportionate in that, notwithstanding the neurosurgeon’s initial con-
cerns, there may be a small chance of a good outcome and people can learn to adapt
to disability, especially in the case of a young individual. However, as time goes by it
becomes increasingly apparent that continued therapy is becoming disproportionate
not only from an outcome perspective but also from the viewpoint of equitable
resource allocation. Maintaining patients with poor neurological outcome on pro-
longed cardiorespiratory support at the request of the family may mitigate conflict;
however, resources are always finite and need to be allocated reasonably and fairly [12].

Legally, it is important that doctors know the legal requirements for treatment
withholding and withdrawal in the jurisdiction in which they operate. Some jurisdic-
tions like Texas (USA) provide for treatment withdrawal via an internal hospital pro-
cess of futility determination. Other jurisdictions may require court or tribunal review.
Courts are often called upon to decide these issues when disputes become intractable.

Unconventional Interventions and Patient’s Best Interests

Illustrative Case

The dispute between the family and the treatment team led to media interest in the
case of the child. A practitioner from another country heard about the case and pro-
posed an experimental use of thalamic deep brain stimulation. This treatment has
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proven efficacy in Parkinson’s disease; however, there is limited evidence for its use
in TBI. While the surgeon has the support of the surgical safety committee in his own
hospital, no health professional supports the safety of moving the child overseas to
be given this experimental intervention. A multidisciplinary treatment team decides
that the best interests for the child would be served by withdrawing treatment and
palliating the patient. Nevertheless, the parents wish to try this “treatment,” and they
raise sufficient funds to transport the child overseas and to have the procedure.

Clinical innovations may occur without the benefit of evidence that would satisfy
the evidence-based medicine approach [13]. Evidence supporting such interven-
tions is often based purely on case reports. It is difficult a priori to know if the suc-
cess of the intervention reported in a few cases might escalate to be proven beneficial
for the entire population and have an evidence-based clinical benefit in the future.
In such cases, it may be difficult to assess the best interests of the patient. In Great
Ormond Street Hospital for Children NHS Foundation Trust v Yates [2017] EWCA
Civ 410 (“Charlie Gard’s case”), the English courts rejected the request of the par-
ents of a terminally ill child to take him overseas for experimental treatment on the
basis that the child was too ill and the chance of benefit so remote that it was not in
his best interests to travel. In other cases, the balance of best interests falls the other
way and courts allow the child to go and seek treatment. For example, in Rageeb v
Barts NHS Foundation Trust [2019] EWHC 2531 (Admin) and [2019] EWHC 2530
(Fam), the courts approved the parental decision to take a brain-damaged child to
Italy for treatment. The judge was swayed by the quality of the Italian institution,
the fact that the child could not feel pain and discomfort, and the fact that the child’s
family was highly religious and believed fervently in trying all options for treatment.

Claims that a procedure is innovative does not automatically mean that they are in
any sense “‘good” or in the patients’ best interests [14]. To some degree, it might be
said that surgery (and neurosurgery in particular) is always innovative because every
patient is anatomically different, and surgeons usually have to adopt slight modifica-
tions of current techniques every time surgery is performed. This has meant that it has
been difficult to define innovation in neurosurgery. Different interpretations of what
constitutes innovation result in a lack of standardization in the evaluation of novel
procedures. Even if there is consensus about what constitutes innovation, there might
be disagreement about whether some form of oversight is necessary. Some argue that
innovation should not be subjected to oversight as too strict oversight might stifle
innovation and the continual advancement of surgery; however, appropriate oversight
that balances patient safety and the surgeon’s autonomy should be the goal [13].

It might be argued by some that an informed consent process would be sufficient
to ensure that the child’s best interests are being served. However, this ignores the
reality that parents in such cases are often desperate and are willing to take any
chance in the hope of an improved outcome. Neurosurgeons in such cases should
not rely solely on consent but should seek the critical review of their peers (such as
through a surgical safety committee), or they should demonstrate a commitment to
sharing information about the procedure and report the results widely. Nor should
the practitioners charge fees beyond that which is necessary to recover the costs of
the treatment.
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In our illustrative case, the court agrees that, on balance, the best interests of the
child would be served by going overseas to have the implant procedure. The child
has the procedure and dies. After the procedure, an investigative journalist uncovers
proof that the medical evidence that supported performing the procedure was fraud-
ulently created. The doctor pocketed a large sum of money from the parents and
now refuses to speak with them. He also applies for a patent over the implanted
technology. Conflict of interests (Cols) describe a situation where an action or judg-
ment determined by primary values arising from the doctor—patient relationship
such as beneficence and distributive justice is influenced by secondary interests,
such as economic benefits or the desire for prestige. In such cases, the conflict of
interests and duties may adversely affect neurosurgical performance, and in extreme
cases, it may be fraudulent.

Innovation and Clinical Research

Illustrative Case

In 2013, two California neurosurgeons inoculated bacteria into the resection cavity
of patients with recurrent GBM. The rationale rested on reports suggesting that
bacterial infection in patients with GBM could stimulate an immune response
resulting in improved survival.

Since the prognosis of patients with recurrent GBM is dire, with most patients sur-
viving only a few months, the doctors wanted to provide an alternative. They discussed
this with their patients and obtained informed consent. The ethics board in their hos-
pital had given permission to treat the first patient as it was considered compassionate
use. However, the neurosurgeons did not have approval from their institutions, medi-
cal boards, or government regulatory agency to conduct research on this topic.

Ethical and Legal Perspective About the Fine Line between
Innovation and Clinical Research

Surgical innovation is fundamentally different from medical innovation and has his-
torically received less focus in ethical discussions. To a certain extent, this can be
explained by the “exceptional” status of surgery. The argument that surgery is
exceptional makes both regulation of and innovation in surgical procedures differ-
ent from those of medical treatments. Indeed, it is often in hindsight that one recog-
nizes innovation in (neuro) surgery. Slight modifications of (an indication for) a
current technique could result in an altogether new technique. Rarely are these inno-
vations subject to the traditional regulatory structures of a randomized, controlled
clinical trial (RCT). This contrasts with medical innovation, which generally fol-
lows the structure and oversight of prospective trials.
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Because of the nature of innovation in neurosurgery, a clear definition is cur-
rently lacking.

Indeed, great heterogeneity exists in what surgeons consider innovative. For
example, an international survey showed that 47% of neurosurgeons consider a new
high-speed drill innovative — nearly an equal divide in opinion among the approxi-
mately 350 respondents [13]. Different interpretations of what constitutes innova-
tion result in a lack of standardization in evaluating novel procedures. Even if there
is consensus about what constitutes innovation, there might be disagreement about
whether some form of oversight is necessary. Some argue that innovation should not
be subjected to oversight as too strict oversight might stifle innovation and the con-
tinual advancement of surgery; however, appropriate oversight that balances patient
safety and advancement of our field is the goal.

When proposing a novel treatment, it is important to establish the clinical benefit
before the treatment becomes available to the public. Furthermore, it is important
that such treatment has oversight to eliminate a potential conflict of interest with the
surgeons(s) proposing it and to avoid the exploitation of vulnerable patient groups
[15]. The form and amount of oversight should be based on the potential risk for
patients and could vary from no oversight to full ethics review.

In the example provided above, one could argue that after the first procedure the
goal was no longer just to provide care for an individual patient, but also to generate
generalizable knowledge. It was at that point unclear if the specific technique would
be superior to another technique (equipoise). For this reason, in combination with
the potential risks for patients, the procedure should have been considered research.
The question then arises what constitutes ethically sound research. In their 2000
article, Emanuel et al. [16] formulated seven requirements that must be fulfilled for
research to be considered ethical. When reviewing research proposals, most ethics
committees will evaluate if these seven criteria have been met (Table 11.1).

Transparency in Obtaining Informed Consent

Illustrative Case

A 66-year-old man was admitted due to confusion and right-sided weakness. The
brain MRI showed large (4.4 x 6.6 x 5.7 cm) left parietal-occipital tumor causing
significant mass effect. The decision was to perform a craniotomy for tumor resec-
tion. The young neurosurgeon who admitted the patient asked the senior neurosur-
geon who does most of such cases if he could proceed with the surgery and was
granted permission. During the process of taking the consent for surgery, the patient
and his eldest son asked who was going to perform the surgery, and the young neu-
rosurgeon replied that the senior neurosurgeon would perform the surgery and he
would assist in the surgery.
Question: Were the patient and his son deceived?
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Table 11.1 Seven requirements to determine if a research trial is ethical (Adapted from [16])

Requirement Description
Intrinsic value The research aims to result in improvement in health or knowledge
Scientific validity The research must be methodologically rigorous

Fair subject selection | The inclusion criteria for individual subjects should be based strictly
on scientific criteria and on distribution of risks and benefits

Favorable risk—benefit | The risks must be minimized and potential benefits enhanced
ratio

Independent review of | It must be done by unaffiliated individuals to avoid potential conflict of
the protocol interest

Informed consent It must be obtained for each subject
Respect for enrolled Including patients’ privacy and confidentiality
subjects

Ethical and Legal Perspective on Transparency Obtaining
Informed Consent

Deceiving patients or patients’ family is unethical and should not occur.

If the young neurosurgeon had made clear that he was the one performing the
surgery, would the patient and his family agreed and signed the consent? This is
even more important in countries/geographical areas where trainees might be
allowed to operate independently. We suggest that precautions should be taken to
secure the patient’s safety. First, the consultant/senior neurosurgeon/attending
should review all the details of surgery preparation, position, incision, etc., in detail
with the trainee before surgery. Second, prior to the surgery, the senior neurosur-
geon and trainee should discuss and find solutions for any anticipated surgical prob-
lems that may occur during surgery such as bleeding, brain edema, high ICP, not
identifying lesions, and other pertinent scenarios. Finally, the consultant should be
in the operating theater, scrubbed, and assisting the trainee, as well as observing the
procedure, technique, and handling of instruments and brain tissue, ready to inter-
vene at any time where necessary and available to provide feedback necessary for
the trainee to improve in future surgeries.

Ethical Considerations for the Neurosurgery Trainer
and Trainee

The first surgery is a first step in the career development of every neurosurgeon. It
is usual to see the trainee eager and anxious to successfully preform the first opera-
tion. In that status and mode of thinking, the concerned trainee is focusing mainly
on the performance of surgery. During that mental and physical process, some ethi-
cal principles may be breached; therefore, it is fundamentally important to observe
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them and implement the ethical principle to secure patient’s safety and enhance the
core and central principle of values-based medicine in which the patient is the cen-
ter of care. There are several ethical questions that should be clearly considered
including patient’s safety, ethics of learning, and accountability for any undesirable
outcome.

One of the main goals of every training program is to train a safe surgeon. No
doubt that the trainees should be provided with the opportunity to perform surgery
under supervision, not only to gain confidence and successfully fulfill the require-
ment of their training programs. The patient’s safety and well-being should be con-
sidered first before any other consideration and should be implemented as early in
the training program as possible ideally to focus the trainee on patient safety over
their first surgery, new instruments, and techniques.

Conflict of Interest: Incentives, Gifts, and Presents
“Does the End Justify the Means?”

Illustrative Case

Mary A. is a 30-year-old neurosurgeon at a university hospital in an LMIC. She has
a reliable personality and has always shown devotion to her patients, technical
excellence, as well as good communication with colleagues and patients. She also
participates in scientific and research activities. A medical representative visited
her and suggested that she should share her experience in an international congress
and attend the advanced training course provided at the meeting. Their company
will fund all expenses. Mary is having second thoughts about accepting the offer
and opts to consult her Program Director.

This subject was analyzed institutionally in a Bioethical Committee session,
which included residents and medical students. Questions were raised on whether
the acceptance of the “gift or favor” could condition the use of a determined mate-
rial, or whether it could affect the confidence of patients in their doctor’s prescrip-
tions, or whether it could become a negative example for the trainees.

Ethical and Legal Perspective on Conflict of Interest

Conflict of interest (Col) describes a situation where an action or a judgment is
determined by primary values arising from the doctor—patient relationship such as
beneficence and distributive justice. It is influenced by secondary interests such as
economic benefits or the search for prestige. These personal benefits may affect the
objectivity of results and even foster fraud. It also is a potential source of distortion
that may encompass all medical roles, assistance, management, teaching, and inves-
tigation [17, 18].
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Col is frequent and inherent to human nature for the mere existence of economic
reward, rivalry among colleagues and institutions, competition for power or fame,
and the need of recognition; moreover, since medicine is an intense activity with
multiple and intricate economic interests, Col might seem inevitable.

Marketing teams in the industry are aware of how beneficial it is to have direct
relationships with physicians. The longer they interact with them, the more likely
they are to prescribe their products. The giving of gifts and favors such as travel
fees, invitations to conferences, and edition of books/videos by business companies
might influence the choice of products, thus affecting the credibility of the profes-
sional [19, 20].

That is, even without direct or explicit complicity, influence exists. Any discor-
dant situation produced by incentives may undermine professional ethics and should
be adequately recognized by the physician [21].

Public and Private Industry Agreements

It is clear that medicine and the related industry need each other in the development
of new drugs and/or medical devices [22]. To this effect, the public—private alliances
may offer a solution to avoid the possibility of conflicts. It is very important to be
aware of what the rules and regulations in the country we practice are before closing
a public or private agreement with a company. For example, in Argentina, an official
path can be followed to sign a cooperation between the Ministry of Science,
Technology and Productive Innovation (MINCYT) and companies and institutions.
It is accepted that relations with companies are lawful and contribute to scientific
progress, but these relations should not influence medical decisions and the patient
should be aware of it. For other countries, any financial agreement between the
neurosurgeon (physician) and industry must be publicly disclosed online to allow
patients and others to be aware.

Conclusion

The ultimate goal of any healthcare service is patient benefit, satisfaction, and well-
being. The availability of healthcare resources varies widely across the globe; how-
ever, many of the moral and ethical imperatives are universal. Clinical
decision-making should be guided by the resources available, the best available
evidence, and the skills and experience of the surgical practitioner. At all times, it is
important to recognize that patients and their families have different values based on
culture and religion, and every attempt must be made to respect these values when
making clinical decisions. Across all aspects of neurosurgery, the decision-making
paradigm will continue to evolve in concert with advances in medical technology
and a clear understanding of issues such as consent, treatment withdrawal, and
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conflict of interest, to name but a few, will become increasingly important in order
to navigate the complex neurosurgery bioethical landscape.
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Chapter 12
The Role of Neurosurgery in Global
Health: Future Directions

David P. Bray and Nelson M. Oyesiku

Brief Historical Background

The idea and subject of “global neurosurgery” has only recently gained traction in
academic neurosurgical journals over the last decade [1]. However, practitioners
within neurosurgery have inculcated a global view within their specialty since its
inception. As the breadth of neurosurgery developed over the nineteenth and twen-
tieth centuries, so did its influence on global health.

As neurosurgery developed, its founding members traveled around the world to
share ideas and inform their own future directions. Often considered the patriarch of
neurosurgery in the United States, Dr. Harvey Cushing was a key member in the
founding of modern neurosurgical practice. Soon after his graduation surgical resi-
dency at the Johns Hopkins Hospital, Dr. Cushing traveled to Switzerland and Italy
to study blood pressure variability in animals with compressed brains, undoubtedly
contributing to his description of the “Cushing’s Triad” [2, 3]. Dr. Cushing valued
sharing experiences internationally; he helped found the Society of Clinical Surgery,
a group dedicated to the general advancement of worldwide surgery [4]. Famously,
Dr. Cushing volunteered to assist his European colleagues in the First World War
[5]. From the genesis of modern neurosurgery, founders of the field have stressed a
global worldview and engagement.
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Current Status

After the dawn of the inception of modern neurosurgery, neurosurgeons from devel-
oped countries have attempted to assist in the fight against neurosurgical diseases
across the world. In these efforts, neurosurgeons from high-income countries have
employed cost-effective strategies to combat more common neurosurgical diseases.
Dr. Benjamin Warf’s implementation of the CURE protocol for hydrocephalus
treatment in Africa is a good example. The CURE protocol emphasizes the use of
endoscopic third ventriculostomy with choroid plexus cauterization for the primary
treatment of hydrocephalus, which reduces the need for expensive hardware and
iterative shunt repair surgeries [6, 7]. By performing cost-effective surgeries, neuro-
surgeons such as Dr. Warf have created fruitful enterprises in the treatment of neu-
rosurgical disease in less-developed countries.

In the later twentieth century and early twenty-first century, the emphasis of
global neurosurgery has broadened from consultation to proactive participation of
wealthy nations in the development of neurosurgical care in low-to-middle-income
countries (LMICs). International societies have prosecuted this effort across the
globe. The Foundation for International Education in Neurological Surgery (FIENS)
was established in 1969 to create durable neurosurgical training programs in LMICs.
FIENS was instrumental in the implementation of resident training programs in
Ghana, Ethiopia, Kenya, Tanzania, and Uganda. The College of Surgeons of East,
Central, and Southern Africa (COSECA) approved the neurosurgical residency
training program, which is a major step in helping LMICs increase access to neuro-
surgical care, while maintaining national preferences and autonomy [8, 9].

Founded in 1955, the World Federation of Neurosurgical Societies (WFNS) is a
professional, scientific, nongovernmental organization comprising 130 member
societies, consisting of 5 Continental Associations, 119 National Neurosurgical
Societies, and 6 Affiliate Societies, representing over 50,000 neurosurgeons world-
wide. The WENS promotes education training programs, unifies international neu-
rosurgical societies, and assists LMIC distribute neurosurgical care [10].

Future Opportunities and Unmet Needs

By the beginning of the twenty-first century, it was clear that there were major dis-
crepancies in global surgical care. It was estimated that almost three-quarters of all
major surgery in the world was completed in wealthy countries [11]. Meanwhile,
global health efforts to date had emphasized communicable and infectious diseases
such as HIV/AIDS, malaria, and tuberculosis [12]. In 2013, the Lancet Commission
on Global Surgery set out to define the state of surgery worldwide.

The Lancet Commission report revealed the large gap in access to basic surgical
care in LMICs. They found that 90% of persons living in LMICs have no access to
basic surgical care. The Commission estimated that 18.6 million people die every
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year due to basic surgical disease; more than three times the number that die from
infectious disease such as HIV/AIDS and malaria. Thirty-three million people faced
catastrophic health expenditure for the surgical procedures that they did obtain. The
Commission estimated that there was a need for 2.2 million more surgeons, obstetri-
cians, and anesthetists worldwide [13]. In sum, there is dire need for promulgation
of surgical specialty care across the world, especially in LMICs.

The 2015 Lancet Commission exhibited the necessity for an increase in surgical
care across the world; they stated that basic surgical care was an “indivisible, indis-
pensable” aspect of universal health rights [13, 14]. The global awareness of
inequality in access to basic surgical care is growing; however, it is unclear where
neurosurgical care will fit in the worldwide surgical “call-to-arms.” We depend on
our international neurosurgical societies such as the WENS to inject neurosurgery
into the global push for access to surgical care.

In 2019, the first annual Global Neurosurgery Symposium (GNS), sponsored by
international delegates as well as members in the FIENS and WENS, was held in
New York City [14]. Among the many goals of the meeting was to take stock of the
state of global surgical care and consolidate resources so that neurosurgical care
could increase in step with the worldwide effort. The GNS defined the advances of
global surgery inequity becoming part of the global health consciousness. The
World Bank Group and Bill and Melinda Gates foundation coauthored the third edi-
tion of Disease Control Priorities, which newly included “essential surgery” as a
volume [14]. Of the United Nations Sustainable Development Goals, 8 of the 13
targets within the “Good Health and Well-Being” goal were related to essential
surgical care; a marked increase from the Millennium Development Goals [14, 15].
In 2015, the World Health Assembly passed a new resolution solidifying essential
surgical care as an important aspect of global health care [14, 16].

An important step in responding to the discrepancies of access to neurosurgical
care across the world is to define the state of neurological disease in LMICs. A good
example of this is the effort of categorizing the incidence and effect of traumatic
brain injury (TBI) across the globe. In the last 15 years, experts have begun to rec-
ognize the severe, but unreported and insidious impact of TBI in global health, nam-
ing it the “silent epidemic” [17]. A recent meta-analysis found that approximately
69 million people suffer a TBI each year [18]. In response, international delegations
such as the National Institute for Health Research (NIHR) Global Health Research
Group on Neurotrauma aim to enumerate the need for TBI work in LMIC. This
group recently launched the first observational study of patients receiving neurosur-
gery for TBI and has created a global TBI registry. In order to increase access to
neurosurgical care, we will first need to categorize the prevalence of neurological
disease worldwide as well as encourage continuing neurosurgical research in LMIC
[12, 19].

Another effort for global neurosurgery in the twenty-first century will be creating
sustainable training programs and self-sufficient neurosurgical hospitals.
Volunteerism and mission work, while helpful, are difficult to maintain throughout
generations. Through various international groups, neurosurgeons have helped
LMICs develop postgraduate neurosurgical training programs. By 2018, there were
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23 neurosurgeons that graduated via the COSECA program; all of which practice in
East Africa [20]. Key to the success of this program was partnering with COSECA,
so the program had institutional support and national “buy-in.” Global neurosurgery
efforts like those from the Duke Neurosurgery program in Uganda have also allied
with global surgical and anesthesia teams to develop hospital networks in LMICs
[9]. All of these strategies help to build sustainable training programs and LMIC
neurosurgical hospitals.

Additionally, international neurosurgical societies provide support to training
and development of neurosurgeons in LMIC by creating guidelines for neurosurgi-
cal practice and mentoring. International neurosurgical societies help direct and
unify standard practices for neurosurgeons in LMICs by creating accessible consen-
sus statements and guidelines for them to follow. An example is the WENS Spine
Committee recommendations for management of lumbar spinal stenosis [21].
Guidelines help create sustainable and safe neurosurgical practices in LMICs.

There are more opportunities for neurosurgeons in developed countries to pro-
vide novel, cost-effective support to those in LMICs. The COVID-19 pandemic has
forced the worldwide medical community to treat, connect, teach, and learn while
maintaining social distance. International society meetings have continued through-
out the pandemic via live-stream platforms such as Zoom Inc. (San Jose, California).
Inpatient and outpatient neurosurgical consultations have continued via telemedi-
cine [22, 23]. These pipelines can be employed to educate physicians and treat neu-
rosurgical pathology in LMICs. Neurosurgeons can also support neurosurgical care
in LMICs by creating less expensive technology. Great examples include the
“Malawi” shunt and “Chhabra” shunt, which are two ventriculoperitoneal shunt
systems that can be purchased for a fraction of the cost of the shunt systems com-
monly used in the United States and Europe [24]. Neurosurgeons need to continue
to be creative in developing cost-effective strategies to support the ongoing neuro-
surgical care in LMICs.

In sum, since the genesis of the neurosurgical subspecialty, neurosurgeons have
maintained a global consciousness. Global neurosurgery began as simple traveling
societies and international conferences, but it now comprises a worldwide infra-
structure to educate the next generation of neurosurgeons and provide neurosurgical
care to LMICs. Neurosurgeons will continue to innovate and raise the standard of
neurosurgical care across the world, while emphasizing an international awareness.
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Part I1
Neurosurgery Education Around
the World

Isabelle M. Germano

Educating the next generation of neurosurgeons is a great privilege and responsibil-
ity for our specialty. This evolving educational process will ensure that our patients
with neurosurgical disease receive excellent care, no matter where they are in the
world. In this Part of the book, authors from five continents highlight differences
and similarities in neurosurgical education and training around the world, including
new educational tools and paradigms, to reduce inequality and increase access to
neurosurgical care.

Africa is arguably the continent that has experienced the steepest change in neu-
rosurgical care over the past couple of decades. At the beginning of the century, the
worldwide average ratio of neurosurgeon/inhabitants was 1 /230,000. By contrast,
Africa averaged a ratio of 1/1.24 million, with an even lower ratio in Sub-Saharan
Africa of 1/6.368 millions [1]. The dedication of African neurosurgeons, in collabo-
ration with world societies, foundations, and neurosurgeons worldwide, allowed
increased training of neurosurgeons in Africa, resulting in a phenomenal expansion
of the workforce [2]. Chapter 13 provides a summary of all the great educational
accomplishments to date and proposes strategies for the way forward.

The vast geographical and population characteristics of the Asian continent con-
tribute to great differences in neurosurgical training. Demographic and economic
disparities, along with differences in population size, account for the multifaceted
and sometimes divergent opportunities for neurosurgical education in Asia. Chapter
14 reviews highlights of the currently available training provided by 13 Asian coun-
tries that account for 87% of the Asian population.

The Australasian neurosurgery workforce faces unique challenges for both train-
ing and delivery of healthcare services due to its relatively small population spread
across a large land body. Chapter 15 reviews how accomplishments have allowed
neurosurgeons there to address present challenges and to pave the way for future
expansions.

Standardization of training remains a key point for neurosurgical education in
the European continent. Duty hour requirements, increasing expectations of the
neurosurgery trainee workforce, and new curricular mandates all had a significant
impact over the past few years in shaping the future European neurosurgeon.
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Chapter 16 reviews the steps toward cooperation among European countries needed
to establish further consolidation of neurosurgical training in Europe.

There is currently little published literature on the current state of neurosurgical
education in Latin America and in the Caribbean region. Chapter 17 is a first attempt
to collate such data. The evolution of neurosurgery training in this region was influ-
enced by many factors, including political events. Variability in education programs
and length of training remain a challenge to address in future years.

In North America, the neurosurgery training in Canada, United States, and
Mexico has shown increasing structure over the years. Chapter 18 compares and
contrasts the training in these three countries, highlighting both the strengths and
weaknesses. Future neurosurgeons need to have the best armamentarium in order to
offer the highest quality of care to their patients. In order to provide them optimum
care, current neurosurgeons are analyzing opportunities to further improve the train-
ing, including incremental use of simulations and subspecialty training.

While no publication can encompass the entire breadth of worldwide neurosurgi-
cal education and training, we hope the following chapters give the readers a sense
of the accomplishments of and challenges to the education of the next generation of
neurosurgeons in different regions of the world.
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Chapter 13 )
Neurosurgery Education Around the
World: Africa

Check for
updates

Najia El Abbadi, Rime Al Baroudi, Abdesslam El Khamlichi,
Mahmoud Qureshi, Kalango Kalangu, and Jeff Ntalaja

Introduction

It is gratifying to note that the issues related to global health have shown a signifi-
cant progress over the last decades. This resulted in important improvements of
human health in many countries. However, a lot of ground to cover still remains,
including within the framework of the Sustainable Development Goals (SDGs), a
series of global health goals set for 2030, proposed by the General Assembly of the
United Nations in 2015 [15]. Some of the major global health issues involve neuro-
surgery, from noncommunicable diseases like injuries, cancers, hypertension, and
its neurological consequences, to communicable diseases when it comes to infec-
tious diseases and congenital malformations. Global surgery as a formal area of
universal health-care coverage (UHC) continues gaining international interest since
2015 when the Lancet commission on Global Surgery Report was released and the
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adoption of the World Health Assembly (WHA) resolution WHAG68.15
“Strengthening emergency and essential surgical care and anaesthesia as a compo-
nent of universal health coverage” [15, 16].

The philosophers Norman Daniels and Mark Jessen have argued that some basic
goods in life are essential, and health is one of them. To secure equal opportunities
in life, providing health care and education is an ethical requirement of humanity.
The World Health Organization (WHO) defines a health system as “all the activities
whose primary purpose is to promote, restore and/or maintain health. Or it’s the
people, institutions, and resources arranged together in accordance with estab-
lished policies, to improve the health of the population they serve.” Hence, one of
the main services provided by a health system is a comprehensive emergency care.
As described within WHO health system framework (Fig. 13.1), one of the pillars
of a well-functioning health system is the health workforce, and one that is in the
right place at the right time with the right training, ready to deliver proper care [2].

Global health consists of population-based public health strategies that are imple-
mented in cost-effective ways to serve the most vulnerable members of our popula-
tion. When this principle is applied to Africa, since the majority of the countries are
low-income countries, it is clear that there is a desperate need to implement popula-
tion-based public health strategies to advance the training of health-care professionals
and the availability of material and human resources. While pursuing these goals, it is
important to draw from the experience of other countries to ensure that we invest as
wisely as possible particularly in the training of the African neurosurgical workforce.

Historical Background

The African Legacy

Africa is known as the cradle of humanity and the home of many civilizations. Each
participated in the building of human history and cultural capital. Several anthropolo-
gists have stated that the greatest evolution in human prehistory has taken place in

The WHO Health System Framework
System Building Blocks

Service delivery

Overall Goals/Outcomes

Health workforce Access Improved health (level & equity)

Coverage
Medical products, vaccines, & technologies Social & financial risk protection
Quality
Financing Safety Improved efficiency

Leadership/governance

5%

Fig. 13.1 World Health Organization’s (WHO) health system framework [3]
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Africa, and that the first civilization in humankind took root around the Nile valley. In
the papyrus documents of Pharaonic Egypt, descriptions are made of the way head
trauma was treated, endonasal brain aspiration (before mummification), and trephina-
tion that pharaohs underwent just before death in order to allow their souls to find their
way to paradise. Among the tribes in Africa whose healers have practiced and taught
the basic rules of trephination for centuries, we can mention Chaouia and Kabyle tribes
(respectively in Morocco and Algeria), the Gouache in the South of Morocco, and the
Tuareg in Sub-Saharan Africa and Libya. From Abulqassim Al Zahrawi (Abulcasis) in
the tenth century to the current ages, education in African neurosurgery has known
many peaks and troughs. Abulcasis is considered to be the pioneer of neurosurgery and
wrote a book composed of 30 treatises “Kitab Al Tasrif Liman Ajaza an Al Talif’ [4]
which was later translated into many languages and served as the basis for teaching
both medicine and surgery in various schools in Europe during the Renaissance. The
Arab-Islamic medicine has greatly contributed to the development of medicine during
the Middle Ages as it flourished in North Africa and later allowed for medicine to
develop in Europe in the thirteenth century: Hussein Ibn Sina (Avicenna), Abubakr
Ar-Razi (Rhazes), Ibn El Haytham, Ibn Tofail, Ibn Zohr (Avenzoar), Ibn Rochd
(Averroes), Ibn Maymon (Maimonide), and many others have all marked the Golden
Age of Arab-Islamic medicine. The knowledge and practice of those Hakims, meaning
“wise man,” as doctors were called, have later spread around the Mediterranean, and
have been taught in medicine schools (School of Cordoba, Spain; Karaouiyine
University in Fez, Morocco; Schola Medica Salernitana in Italy [7]; Ecole de
Montpellier in France). Further to this spread of knowledge, the first care facilities were
built (also called Maristan, Arabic word meaning “hospital” in that period) [1].

Unfortunately, this historical asset did not necessarily work in favor of the African
continent when it came to the scientific advances in the world. From the eleventh to
the eighteenth centuries, Africa was marginalized from the important cultural, techno-
logical, and economic advances until the beginning of the twentieth century. It woke
up to find itself weak and colonized by European powers and to witness a world that
had moved forward at high speed without its active participation. Concerning the
medical development in Africa in the second half of the twentieth century, the focus
was on the setting up of vaccination plans against infectious diseases, such as plague,
cholera, tuberculosis, malaria, and HIV/AIDS. The lack of medical professionals and
the endless needs in basic health care urged African states to deliver only primary
health care to their citizens, therefore marginalizing neurosurgery among all the other
surgical specialties, wrongly considered as a “luxury specialty” [1].

The Dawn of African Neurosurgery

The birth of neurosurgery in Africa, as an independent specialty, just about 60 years
ago, was an arduous process. It started in North African countries and South Africa
and was introduced in the majority of countries by European neurosurgeons, brought
to the continent by citizens of the colonizing countries. When Africa emancipated
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from the occupational state, there were no native African neurosurgeons, and the
number of native physicians did not exceed five [1]. When Africa gained back its
independence, it was deemed to fall into a worrying health-care situation. The con-
tinent was bound to keep European physicians and even request more assistance to
provide much-needed health care for the local population until some pioneers of
African neurosurgery took over (Table 13.1).

Table 13.1 Some of the first neurosurgical departments in Africa by European physicians and
native pioneers [1]

First departments by European Some of the first native neurosurgeons
physicians
North The first units of neurosurgery were set | The first local neurosurgeons in north

Africa up in Algiers, Algeria, in 1942; and in | Africa would take over between 1960 and
Casablanca, Morocco, in the 1940’s 1975: those are Doctors H. El Kerdoudi,
respectively by Doctors P. Goignard D. Bouchareb. A. El Ouarzari and A. EI
and R. Acqua viva [14] Khamlichi in Morocco; M. Abada,

A. Abdelmoumen, A. Bousalah and
Boutmene in Algeria; and M. Betteyeb in
Tunisia. The latter set up the first
operational department of neurosurgery in
Tunisia in 1964. In Egypt, the first
neurosurgeons to set up neurosurgery
between 1950 and 1960 were Drs. A Abu
Zikri, O. Sorour, I. Higazi, A. Benhawy
and S. EI Guindi in Cairo, and S. Boctor
and G. Azab in Alexandria.

West The first neurosurgery unit has been set | The first Senegalese resident joined up, Dr.
Africa up in Dakar, Senegal, in 1967, by M. Gueye, in 1977, and became the first
French neurosurgeon B. Courson. Senegalese Professor and Neurosurgery

Department Chairman. The first Ivorian
neurosurgeon, Dr. K. Kanga, had already
started practicing neurosurgery in 1974. In
Ghana, the first Ghanaian neurosurgeon,
Dr. J.LF. Osman Mustaffah, set up the first
neurosurgery department in 1969. In
Nigeria, neurosurgery was introduced in
the country by local neurosurgeons. The
first department was set up in Ibadan in
1962 by Dr. E.L. Odeku.

East Neurosurgery was set up by English- In 1971, Dr. J. Kiryabwire, the first
Africa speaking neurosurgeons from Europe | Ugandan neurosurgeon would join come
first in Kenya where it was introduced | back to Uganda, after training in London
by Dr. P. Clifford, an ENT surgeon who
operated on encephaloceles and
hydrocephalus, before an Italian
neurosurgeon, Dr. Renato Ruberti
pioneered neurosurgery in 1967.

Southern | In South Africa, things were different, the practice of neurosurgery began with
Africa Doctors R.A. Krynauw in Johannesburg in 1940, and H.L. de Villiers Hammann in
Cape Town in 1946both born in South Africa and trained respectively in Oxford
(United Kingdom) and Munich (Germany).
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In Morocco, European neurosurgeons started passing on their knowledge to local
trainees around in 1962. Local professors gradually replaced them, and over a
20-year span, Moroccan teachers were more than 80% of the teaching workforce
within neurosurgery training programs. This encouraged the government to open
more Moroccan schools, develop local training, and promote clinical research.
Efforts then focused on evenly distributing neurosurgeons all over the country. The
aim was to integrate neurosurgery as an important part of the health and academic
system. Neurosurgery trainees still went to foreign countries for a limited time for
additional training. It rapidly became obvious that a full training in a foreign coun-
try was costly and above did not teach the trainees how to adapt their learning to the
local conditions. This self-improving system allowed Morocco to go from zero
native Moroccan neurosurgeons in 1956, after gaining back its political indepen-
dence, to 80 neurosurgeons, a number that increased exponentially over the years
[1]. In Sub-Saharan Africa (SSA), the training system did not follow the same tem-
plate over the years, despite neurosurgery being set up as a specialty in most coun-
tries by 1960s and the opening of many medical schools after each country’s
political independence. Instead, most SSA chose to send their trainees to Europe
and North America. However, many neurosurgeons who trained abroad continued
to practice where they trained. Therefore, the SSA demand of neurosurgeons was
not met. In 1998, the neurosurgeon/inhabitant ratio in SSA was 1/7—ten million [1].

The Neurosurgical Workforce Distribution in Africa: Past
and Present

The discrepancy of the regional distribution of neurosurgeons is palpable. In 1998,
the neurosurgeon/inhabitant ratio was 1/230,000 in the world, whereas in Africa it
averaged at 1/1,238,000. Moreover, most African neurosurgeons (86%) were con-
densed in the North African countries and in South Africa. This resulted in provid-
ing the rest of the African continent, which accounts for 74% of the entire Africa
population, with 14% of the neurosurgery workforce and neurosurgeon/inhabitant
ratio of 1/6,368,000. Additionally, these countries also suffer a lack of basic neuro-
surgical equipment and appropriate facilities.

A survey was conducted by A. El Khamlichi in 1998 to establish a comprehen-
sive guide to assessing the status of neurosurgery in Africa. It was published and
presented in the different international meetings to inform the neurosurgical com-
munity worldwide about the distressing ratio of neurosurgeons in Sub-Saharan
Africa. Two years later, a more elaborate version of the survey was conducted to
carry out a follow-up in order to have more detailed information regarding already-
existing training systems, and the biomedical equipment available, the pathology
spectrum but mostly to appraise the kind of help African neurosurgeons needed. The
results of the survey in the tables below (Table 13.2) were presented to the WFNS
Administrative Council (AC) on February 20, 1999 [5]. The request made by
African neurosurgeons was clear: to be supported by the WFENS for the acquisition
of basic equipment and to have access to basic training in neurosurgery. Regarding
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Table 13.2 Evolution of African neurosurgery

Population (in millions) ‘ Neurosurgeons ‘ Ratio (adjusted)
A. Results of the survey conducted by A. El Khamlichi in 1998 [1]

Africa 800 565 1/1066666
South Africa 45 86 1/ 405,405
North Africa 140 400 1/ 380,658
Sub-Saharan Africa 615 79 1/ 7,784,810
World 5.479 23.940 1/230.000
WHO recommended ratio 1/100.000
B. Results of the survey conducted by A. El Khamlichi in 2016 [1]

Africa 1.120 (+75) 1.727 1/ 654,000(1/691000)
South Africa 55 171 1/ 420,000
North Africa 181 1.187 1/ 131,000
Sub-Saharan Africa 884 369 1/2395663
WHO recommended ratio 1/100000

the first issue, the WENS president, Pr. M. Samii, was already able to secure equip-
ment as he already secured two companies to manufacture basic instrument sets for
craniotomy and laminectomy at a reduced price.

Regarding the support to training, the WENS AC members committed to encour-
age the organization of training courses in Africa and accepted the project presented
by A. El Khamlichi to set up a regional training center in Rabat to train African
neurosurgeons in their continent. The training in regional centers was an aim for
African neurosurgeons and had many advantages. First, it could avoid the “brain
drain.” The young who trained in Europe or North America rarely went back to their
African home countries. Second, the young neurosurgeons could receive their train-
ing in an environment more similar to their home countries. Third, the training cost
would be a fraction of the cost of training in Europe or North America.

Thanks to the efforts of the new national and regional centers, an exponential growth
of the number of neurosurgeons and trainees was witnessed. In the latest inquiry pre-
sented in the WENS Webinar on June 13, 2020, J. Ntalaja showed that in 4 years
(2016-2020) the number of neurosurgeons went form 1727 (Table 13.2B) to 2044 in
2020; in addition, there are 1036 residents currently in training. The success witnessed in
the development of neurosurgical training supports the original strategy, proposed by
Professor A. El Khamlichi, and that supported by the WFNS was a winning proposition.

Minimizing the Paucity of Neurosurgeons in Africa:
From the WFNS Residency Training Center (RTC)
to a Widespread African Effort

Born from the cooperation between the WFENS and the Mohammed V University in
Rabat in 2002, the WFNS Rabat Training Center (WFNS RTC) aims at ensuring
basic training in neurosurgery for postgraduates from Sub-Saharan African
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countries. The financial support provided by the WENS RTC aims at two goals.
First, it provides the required resources (human and logistics) to achieve the neuro-
surgery training. Second, it provides financial aid grants to candidates in order to
allow them to live decently and focus on their training. The Moroccan authorities
shoulder the first part, which accounts for 90% of the total expenses accrued. African
doctors benefit from free enrolment at the university, which allows them to com-
plete internships at the hospital. The only cost the trainees need to bear is that of
medical insurance, which often does not exceed 1.800 MAD (less than 200 USD)
per annum [1].

During these 18 years, 64 young African doctors have enrolled at the WENS-
RTC: 54 to complete the 5-year training and 7 enrolled for a limited complimentary
training (6 months to 3 years) since they were already enrolled in a training program
in their home countries. All these young neurosurgeons are well-integrated into the
national health system in their country and all are able to acquire the required basic
equipment that allows them to operate on patients [18]. They also successfully pro-
mote and lobby for neurosurgery in their countries and by doing so manage to work
with local authorities to launch a local training program. Currently, 64 young
African neurosurgeons have been trained or are training in the WFNS-
RTC. Neurosurgeons trained at the WENS RTC upon graduation and reentry in their
country of origin are also eligible for receiving a neurosurgical set of instruments by
the WENS Foundation.

Following the footsteps of the first francophone reference training center in
Rabat, the Consortium of Collaborative Neurosurgical Sites of Training of the East,
Central and Southern African region (C-CNS-ECSAR) was established in 2006 as
the second WENS reference center in Africa, and the first Anglophone. The center
incorporates neurosurgical training at major hospitals in the East African region of
Sub-Saharan Africa. The initiative was led by Dr. Mahmood Qureshi of Kenya, Prof
Paul H. Young of the Foundation for International Education in Neurosurgery
(FIENS), and Dr. Benjamin Warf who was working in Mbale, Uganda, at the time
[6, 11].

In 2014, Pr. M. Samii’s started a program called “Africa 100” aimed at
increasing the training of young African neurosurgeons. The program commit-
ted to managing the full basic training of 100 young African doctors in neuro-
surgery by providing them with scholarships and enrolling them in training
departments in Africa or elsewhere. In January 2014, the first six trainees of the
“Africa 100” program enrolled in the WFENS-RTC, all of whom were sponsored
by Pr M. Samii. Since then, four neurosurgery centers are able to train and
accept “African 100” trainees. They are located in Dakar (Senegal), Algiers
(Algeria), Nairobi (Kenya), and Cairo, Egypt. In 4 years (2014-2018), 15 train-
ees were enrolled in the “Africa 100” program, all of whom are currently under
training. Eight of these have completed their training at the WFNS-RTC. In
2018, the Africa 100 committee accepted the applications of 31 students from
the following countries: Somalia, Nigeria, Zimbabwe, Chad, Tanzania, Gambia,
Swaziland, Niger, Mauritania, Zanzibar, Cameroon, Guinea Conakry, Benin,
Malawi, and the DRC (Fig. 13.2).
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Fig. 13.2 African map
representing countries of
applicants accepted in the
program by Africa 100

The Impact of Local Training on the Growth
of African Neurosurgery

The two examples to follow are provided to highlight the importance of local neu-
rosurgery training on the growth of our filed in Africa.

The Nigerian Experience Dr. Nasirou was trained in the WENS RTC from 2002 to
2004. In 2004, after he came back to his home country, and with the help of Pr.
Shehou, the Regional Neurosurgical Centre was established in Sokoto. It was com-
missioned in 2007 and received the WFNS neurosurgical set and a microscope. In
the following 10 years, the center trained 14 young neurosurgeons and aimed for 50
more in the years to come. In the same time, the Nigerian Academy of Neurological
Surgeons was formed in 2007 with 58 active members. The success of this project
was possible because of the commitment and team-building abilities but also local
training for human resources and local financial and administrative support.

The Democratic Republic of Congo (DRC) Experience In Congo, where the prac-
tice of neurosurgery started in 1976. The DRC has a surface area of 2,345,409 km?,
75,000,000 inhabitants, and only 4 neurosurgeons dispatched in two provinces out
of 26 in 2019. Neurotraumatology was the main neurosurgical activity. Before the
World Federation of Neurosurgical Societies Rabat Reference Training Center
(WENS RTC) sent its first wave of newly trained neurosurgeons, there was the fol-
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lowing equipment in the DRC: one MRI device 0.35 Tesla, four CT scan devices,
and one image intensifier. Late Mudjir Balanda M.D. was the first to be trained at
the WENS RTC, who returned to his country, but unfortunately died a year later. Jeff
Ntalaja, as soon as he came back home after training at the WENS RTC in December
2013, witnessed the will to trigger the development of neurosurgery in the country,
namely in improving patients’ management and equipment purchase. An appeal
was written to the political and administrative authorities for the purchase of tools
to improve working and patients’ management conditions. The permission was
given to purchase new equipment: image intensifiers; several CT scan devices, with
three including 64 slices; five MRI devices, with two 1.5 Tesla; one digital angiog-
raphy device; one basic operating microscope; two Medtronic Quadrant systems;
etc. Help also came from the neurosurgeons who were practicing outside the coun-
try. The diaspora (neurosurgeons outside the country), Professor Kazadi Kalango,
Professor Kalala from the University of Gand, Dr Orphee Makiese, a neurosurgeon
at Clinique Floreal in France, Dr Hugues Matondo, an interventional radiologist
practicing in Belgium, to mention a few, are important partners toward the develop-
ment of neurosurgery in the DRC, namely by strengthening competence and sharing
practical experience in neurosurgery. A Congolese Society of Neurosurgery was
established as well as an online information exchange platform with an information
website linked to the Congolese Society of Neurosurgery. In March 2018, we set up
a National Neurosurgery Excellence Pole whose coordination has been carried out
by Jeff Ntalaja M.D. A pole is a unit including neurosurgeons who practice neuro-
surgery, ranging from minimally invasive surgery to the surgery of malformations,
tumors, traumatology, and degenerative surgery. It is a collaboration platform gath-
ering neurosurgeons (three from outside the country), but also specialists from
neighboring fields (anesthetists, radiologists, etc.). Currently, the number of neuro-
surgeons is up to 9 [8].

The African Neurosurgery Training Curriculum

The WENS RTC’s vision revolves around training African neurosurgeons within
their native continent to create a self-sufficient and sustainable system aiming to
provide a well-trained neurosurgical workforce. Its main goal is to teach them
to work with affordable and low-maintenance technology and expand efforts to
improve quality of neurosurgical care throughout the continent. As a result, neuro-
surgeons’ availability increased during the last two decades in Africa due to the
joined efforts of senior African senior neurosurgeons and the WENS [19]. The
WENS RTC welcomes 4-5 Moroccan residents and 1-2 other African residents per
hospital per year. One resident stays in Rabat while five others are sent to the hospi-
tals in Casablanca, Fes, Marrakech, and Oujda. Currently, other teaching hospitals
are opening their doors to welcome more African residents in Rabat, Casablanca,
Agadir, and Tangier, increasing the capacity to welcome more African residents.
Other international doctors can become neurosurgical residents by taking the same
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competitive exam as Moroccan graduates. The neurosurgical curriculum in the
WENS RTC encompasses 5 years of training, including rotations in the five neuro-
surgical departments of Rabat and 6 months in a neurology department. The resi-
dents undergo the exact same curriculum regardless of their nationality. The
5—6-year-long training is predominant in Africa except in Egypt, where it is
6-8 years long, depending on the city, for example.

The Current Challenges of Neurosurgical Training in Africa

Despite the enormous efforts of the WENS Foundation, the lack of material
resources and equipment remains a major obstacle to the practice and teaching of
neurosurgery. The WENS Foundation has been instrumental in providing basic neu-
rosurgical sets and microscopes. Other international institutions have donated or
sold at a reduced rate surgical instruments sets and/or microspores. These programs
are to command and propagate. However, to avoid the main drawback, which is that
the continuous assistance may result in a lack of incentive by the local health
authorities from acquiring the equipment, a regular audit of the facilities seeking
help is strongly recommended to establish the needs. Ideally, this should be a joint
effort of the WFNS Foundation and CAANS [13, 14].

Cost-effectiveness and a fair and smart distribution of available resources are two
sound principles when developing neurosurgery strategies for the African continent.
However, ethically speaking, these two concepts might appear to be contradictory.
An educated health-care team can help orient the authorities to a more cost-effective
management of the health systems.

On-site education after completion of the neurosurgery training program is very
important. Prior to the recent COVID-19 pandemic, this required traveling abroad.
The registration fee and travel expenses oftentimes were prohibitive to the majority
of young neurosurgeons. During the unprecedented global health crisis experienced
by the world during 2020 following the COVID-19 outbreak, many questions were
raised about the essentials of global health and the management of the health sys-
tems all over the planet. At the same time, new opportunities were discovered.
Education has shifted to the use of videoconferencing platforms to alleviate the
cancelling of all courses formerly requiring attendance. Lectures and conferences as
well as case discussions and meetings covering various neurosurgery topics were all
held electronically. E-learning appeared to be an attractive, easy, comfortable, cheap
solution to replace educational social gatherings, but it has also shown some down-
sides. Resistance, financial issues, infrastructures, and dedicated IT (Information
Technology) personnel in addition to the need for official legalization are a prereq-
uisite. Nevertheless, the rapid increase in the speed of travel and communication, as
well as the economic interdependency of all nations, has led to a new level and
speed of globalization that can be a driving force.
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Future Opportunities and Unmet Needs

Africa is currently undergoing a demographic transition, at different stages depend-
ing on the region, but most of the African population is still young. By 2025, the
African population is expected to reach 1.4 billion people with 1.1 billion in Sub-
Saharan Africa. Fertility is at its highest but so is mortality. Both these facts have a
direct impact on the increase of the already existing need for neurosurgeons. It is
also worth mentioning that pediatric neurosurgery here since 45% of the African
population will be under 15 years old. Also, more than half of the African popula-
tion in 2025 will live in cities. This has the potential to increase the number of traffic
road accidents and urban violence. The goal is to reach a critical mass of neurosur-
geons to speed up the process of increasing the neurosurgical care capacity in Sub-
Saharan Africa. Furthermore, the progress and technological advances witnessed
recently in neurosurgery have required significant financial, material, and human
resources, to grant patients safe and efficient treatment.

As shown in Fig. 13.3, the African population will double between 2015 and
2050 up to 2.4 billion inhabitants. By 2100, the African population will represent
more than 25% of the population and Asia will reach almost 50% of the world popu-
lation. The rest of the world, including Europe, North, Central and South America,
will account for less than 25% of the population. In addition, most of the African
population itself will be concentrated in East and West Africa accounting for almost
75% of the population.

It is also worth noting that with the epidemiological transition from a majority of
communicable diseases, and a fair amount of injuries, to the predominance of non-
communicable diseases, but just as many injuries, a change in the neurosurgical
pathology spectrum is predicted. Currently, most of the African neurosurgical
pathologies are CNS traumas, infections, hydrocephalus, and congenital diseases.
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Fig. 13.3 (a, b) Estimated evolution of the African population by global neurosurgery during the
2017 conference [10]
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The predicted shift in Africa’s epidemiological profile includes a lower number of
infections and an increase in life expectancy. This in turn could result in a higher
incidence in tumors, cerebrovascular diseases, and urban violence. This will itself
trigger changes when it comes to choose a subspecialty, which can only be possible
if the number of neurosurgeons is sufficient to cover enough ground. In addition,
some environmental changes such as climate change and unhealthy eating habits
can cause an increased incidence of cancers, which in turn can reveal themselves
only when they metastasize to the brain.

There are several important WHA resolutions targeting advancements in surgical
care and further providing a mandate to allow LMICs and resource-poor settings to
prioritize assessment, development, and restructuring of health-care systems aimed
at caring for acutely injured patients at the time of the event and for those whose
illness requires urgent care. For example, neurosurgeons continue to be fundamen-
tal in international advocacy of patients suffering from traumatic brain injury (TBI)
and spinal cord injury (SCI), which represent significant contributors to global mor-
bidity and mortality. TBI and SCI correspond to approximately 55 million (esti-
mated range 53-58 million) and 27 million (estimated range 25-30 million)
prevalent cases, respectively [17], and remain a priority in achieving UHC and
context-specific priority areas in global neurosurgery, which relies heavily on advo-
cacy by neurosurgeons [15].

Another important consideration are the social and cultural changes around the
world, including Africa. With an increase of the levels of literacy, most likely there
will be a rise of patients and their families’ awareness regarding their medical man-
agement. This will likely result in higher societal expectations regarding the quality
of care. Another important aspect is that with more trained neurosurgeons in Africa
there will be more competition for the best opportunities. Due to limited resources,
it is possible that not all neurosurgery trainees will have access to achieve compe-
tency in standard neurosurgery, microsurgical, and operative techniques.

The North and South African countries are on the right track to work as a driving
force for the rest of the continent through the developing network of training cen-
ters. The African neurosurgery is now a fully integrated member in the international
neurosurgical community through WENS and other institutions and has its own
regional organizations like the CAANS and the national neurosurgical societies
working hand in hand to build a better future for the continent by promoting and
developing neurosurgery locally and in Africa. More importantly, when we add up
all these parameters, Africa is a young continent, full of potential waiting to be har-
nessed. It is highly attractive for investment in medical care.

The training program has to be reviewed to meet the future needs of neurosur-
geons starting with a reinforcement of education and training in standard neurosur-
gical techniques, then developing training in subspecialties mainly pediatric
neurosurgery (20-30% of neurosurgical activities), neuro-oncology, neuro-
endoscopy, spine surgery, and functional neurosurgery. Minimally invasive tech-
niques, as opposed to the classical surgical techniques, should be developed within
the availability of appropriate equipment. Simulation centers are highly encour-
aged, even if costly, to avoid the medical error.
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Also, the research gates are yet to be developed in African countries. Research
projects are known to be beneficial not only for scientific purposes within them-
selves, but also for the individual growth of young trainees. Research teaches
them to think critically and gain independence. Young trainees are full of energy
and driven to change the situation for better, an ambition Africa can only bene-
fit from.

The role of CAANS and national neurosurgical societies is capital as they are the
main actors in the advancing and promoting of neurosurgery in the wide variety of
socioeconomic and scientific aspects. These include but are not limited to setting up
new active neurosurgical societies, institutionalizing inter-African cooperation and
exchange (south—south cooperation), exchanging with other continental and inter-
national institutions (training, research, organization), and collaborating with an
established training program in Africa to exchange faculty and harmonize training
standards.

Conclusion

Sustainability of actions and collaborative partnerships are essential factors to
continue improving neurosurgical health care in Africa. Although the neurosur-
gical workforce in Sub-Saharan countries is increasing, its sustainability is still
at risk. The economic reality of an expanding population with limited resources
is a complex scenario with challenges and opportunities. Local solutions will be
more successful when integrated with the support of the international neurosur-
gical community. Additional WENS regional training centers are poised at cost-
effectively increasing the neurosurgical capacity with long-term tenable plans.
International efforts to organize and secure equipment will continue to be impor-
tant and needed. However, even if global health is based on the idea of the under-
served regions of the world being helped by wealthier countries, a two-way flow
is necessary to address the global health challenges that the world faces. A more
nuanced and contemporary perception can only allow the striving of global
health as a whole [9]. Yet, the neurosurgical community’s interfacing with global
health governance, policymakers, donors, and other stakeholders lacks a unified,
formalized framework for participation in neurosurgical global health advocacy,
policy, and research [15].

Additional forces influencing the success of improving neurosurgical care in
Africa include providing strategies to address the brain drain, resulting in a
dearth of health staff at multiple levels. Additional cultural barriers, such as a
high percentage of personnel absenteeism, need to be addressed to improve the
shortage of properly trained staff. A culture promoting value-based professional
growth of well-trained most likely will result in improved desire to work harder.
Such cultural change will also need to rest on the availability of resources to
ensure that the neurosurgical workforce can effectively deliver good health care
to its own people [2].
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Chapter 14 )
Neurosurgery Education Around the b
World: Asia

Yoko Kato, Satoshi Kuroda, Rajeev Sharma, Ahmed Ansari,
Dhananjaya 1. Bhat, and B. Indira Devi

Introduction

Asia is characterized by demographic and economic disparities along with differ-
ences in population size. The infrastructure at various central and peripheral hospi-
tals is also variable. Though uniformity in medical education and neurosurgery in
particular is desirable, it may not always be feasible.

Neurosurgeons are required to be trained for the demands of the region of prac-
tice. The education of current and future neurosurgeons in Asia therefore becomes
an important consideration because of the size, 4.6 billion people corresponding to
60% of the total world population, and diversity of the population, belonging to 48
different countries.
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Globally, the discipline of neurosurgery (NS) has evolved during the 1990s (also
nicknamed the decade of the brain). During the last few decades, massive develop-
ments in science and technology have been directly useful for diagnostics and treat-
ment of NS-related disorders. Unfortunately, this development is not evenly
distributed between developed and developing countries. The same is the case with
neurosurgical education and training, which developed from only traditional appren-
tice programs in the past to more structured, competence-based programs with vari-
ous teaching methods utilized, in recent times.

Currently, there are high disparities in the distribution of 49,000 neurosurgeons
worldwide. Data indicate a huge variation in the number of neurosurgeons per mil-
lion population with Japan (58.9) being highest and rural India being the lowest (1)
compared to the world average of 6.5 (Fig. 14.1). Ironically, countries like India
with 16% of world population have only 6% of world’s share of neurosurgeons.
Additionally, within India the disparity between rural and urban parts of the country
is staggeringly high.

Neurosurgical Education

Edward Benzel, in a landmark paper, said that “we retain 90% of what we do or
teach while we only retain 50% of what we hear and see.” This is especially true
with NS: a skills-oriented specialty, which has grown by leaps and bounds to a point
where we can proudly gauge on its multiple subspecialties. NS has yet only been
defined in terms of the ultimate work, whether it be in terms of quality or quantity.
Often for a fresh surgeon it is really tough to strike the right chord and balance the
work in terms of free hand, mentorship, and finances. It has become all the more
important recently to fine-tune one’s skills as per the needs and advancements.
Besides having been trained as a competent neurosurgeon, one should also be
trained as a good neurosurgery teacher.

Kato Y et al. [1] highlighted the striking difference regarding the neurosurgical
training compared to other surgical specialties. The training should not be limited to
acquiring textbook knowledge and laboratory work, but also skillful in the surgical
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and nonsurgical management of patients with neurological diseases. No surgical
training is complete without adequate hands-on exposure and practice.

Training curriculum through regional and international collaboration includes
those developed locally and through societies such as the World Federation of
Neurosurgical Societies (WFNS) and Asian Congress of Neurological Surgeons
(ACNS), which have been formally used to prioritize and teach the young neurosur-
geons and faculties from developing countries through its various educational activ-
ities. It is the responsibility of the established senior neurosurgeons to teach the next
generation of neurosurgeons especially from the developing countries. To fulfill this
need, in 2019, over 170 courses have been organized by the WFENS. The organiza-
tion has also published many guidelines, books, white papers, and newsletters.
Another way to decrease the disparity in world neurosurgical services includes the
efforts to provide better equipment and resources to the developing countries. There
is a need for resourceful countries to help resource-depleted countries in terms of
organizing hands-on courses, on-site training, and financial support.

The effort to improve access to journals for publication among neurosurgeons
from the low- and middle-income countries to counter the disparity has been imple-
mented. The neurosurgery education should comprise technique of stabilizing their
hands during surgery and to review the recordings of their previous surgeries to
identify all unnecessary steps. The current generation of neurosurgeons should
reduce their dependency on technology and always use anatomy landmarks. A
sound knowledge in anatomical landmarks is a good corollary skill to neuro-
navigation system. A proper risk explained to the patient when required intraopera-
tive neurophysiological monitoring is unavailable should be in common practice.

In the following, we provide a brief description of some of the historical facts
and current data about neurosurgical education in 13 Asian countries. These account
to 3897.53 million people, equivalent to 87% of the Asian population (data searched
on Google and pertinent to 2018).

Japan

On records, 7933 neurosurgeons in Japan are board certified out of a total of 10,014
neurosurgeons (2019). The average number of neurosurgeons per 100,000 popula-
tion is 5.5 in each prefecture, and Japan has the highest proportion of neurosurgeons
compared with its neighboring East Asian countries. Owing to the historical back-
ground of medical practice in Japan, neurosurgeons are not only involved in the
surgical work, but a lot also involved in community prevention of diseases, radiation
therapy, and rehabilitation.

After passing a national examination, aspiring neurosurgeons in Japan planning
to engage in clinical practice are required to undertake general medical training,
such as internal medicine, emergency medicine, and community medicine, for no
less than 2 years at a university hospital or a Ministry-designated hospital. Only
after completing this 2-year training period does training to become a neurosurgeon
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begins. Residents need to gain experience in disease management with approval
from clinical instructors. The minimum requirements are strictly fixed by the Japan
Neurosurgical Society (JNS) for each type of disease, such as tumor, cerebrovascu-
lar disease, trauma, spinal disease, pediatrics, and functional neurosurgery. The
minimum requirements of the surgical cases are also strictly fixed.

The Japan Neurosurgical Society (JNS) is the organization that awards neurosur-
gical specialty board certification to the graduated trainees. It has approved 94 train-
ing programs, and there are a total of 857 training centers. These programs are
strictly determined by the JNS according to the total number and variety of surgeries
and the recommendation of the Dean of Faculty Neurosciences of the medical staff
and equipment, and must be reapproved every 5 years. The objective of the Japan
Neurosurgical Society, GIA (General Incorporated Association), is to serve national
welfare through neurosurgical practice, to popularize neurosurgical science, to con-
tribute to academic development in Japan by means of presenting neurosurgical
theories and research on their application, and to exchange knowledge by cooperat-
ing and collaborating with other members and related societies in Japan and foreign
countries. As of September 2016, The Japan Neurosurgical Society has 9567 mem-
bers in total, including 150 honorary/special members (including 43 foreign mem-
bers), 34 guest members, and 58 supporting members. These members include
physicians in training.

The Department of Neurosurgery was established for the first time in June 1,
1951, at the University of Tokyo Hospital as a medical department officially
approved by the Ministry of Education. Subsequently, in September 1951, the Third
Course of Surgical Medicine, which had been vacant since 1893, became a part of
this department. Professor Kentaro Shimizu, head of the First Course of Surgical
Medicine, concurrently held the post in the Department of Neurosurgery and the
Third Course of Surgical Medicine. The Third Course of Surgical Medicine was
established with Julius Scriba who was still in office (never an official professor
because of foreign nationality) when the course system was introduced in Japan for
the first time in 1893 and had long been vacant since then. In December 1962, Keiji
Sano became a professor of the Third Course of Surgical Medicine with a limit on
the number of students and was simultaneously appointed the head of the Department
of Neurosurgery. On April 1, 1963, the Third Course of Surgical Medicine became
the Course of Neurosurgery, and both the course and department were officially
approved by the Ministry of Education.

On the other hand, the Second Course of Surgery at Niigata University derived
from the First Course of Surgery by Professor Mizuho Nakata in 1953, and Nakata
was a professor of the course, which was deemed a neurosurgical course. In reality,
however, these two courses used one surgery classroom. In August 1957, Komei
Ueki took a post in the Second Course of Surgery. Then, in 1962, the Division of
Neurosurgery was established within the Neurosurgical Research Institute, the pre-
decessor to the Brain Research Institute, where Ueki moved from the Second Course
of Surgery, and became the Neurosurgical Class both in name and reality. Before
long, a neurosurgery course and division were established at Keio University
(Professor Tatsuyuki Kudo) in 1963, as well as at Kyoto University (Professor
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Hajime Handa) and other universities. Since the inclusion of neurosurgery in the
medical departments stipulated in Article 70 of the Medical Service Act, depart-
ments of neurosurgery were also established in general hospitals. Now, all univer-
sity and major hospitals have a department of neurosurgery; and the members of the
Japan Neurosurgical Society have rapidly increased.

In 1966 to improve the quality of members, during the 25th meeting of the Japan
Neurosurgical Society presided by Prof Tatsuyuki Kudo, it was decided that a board
certification system or certification system for physicians specializing should be
similar to that of Western societies. The preparatory committee for the first certifica-
tion system lead by President Keiji Sano was established by 14 dedicated professors
from the departments of neurosurgery at that time. These 14 professors were certifi-
cated as certified physicians first and drafted regulations on the certification system
at the same time. The first review meeting was held on August 31, 1967. After a
transient period in 1968, all applicants have been obligated to undergo written and
oral examinations starting in 1969.

India

In India, neurosurgery saw its evolution in leaps and bounds post its independence.
Earliest departments were established at CMC Vellore (1949) and Madras Institute
of Neurology (1950) by Dr. Jacob Chandy and Dr. B Ramamurthi, respectively. As
early as in 1968, India could boast of its first female neurosurgeon Dr. T S Kanaka.
Since then, the country has produced about 25 female neurosurgeons till now.
Currently in India, neurosurgical training is a well-structured super-specialty pro-
gram with Master of Chirurgiae (MCh) and Diplomate of National Board (DNB)
being the two alternative super-specialty degrees (Fig. 14.2). While MCh is offered
mainly by central and state government institutes and some selected private institu-
tions recognized by the Medical Council of India (MCI), DNB is offered mainly by
corporate and trust hospitals and only by a few government hospitals. MCh evalua-
tions are done by universities whereas DNBs are conducted by the National Board
of Examinations (NBE). The current annual intake in neurosurgery residency across
the country is 410, which include 304 MCh and 106 DNB seats. Enrolled trainees

Fig. 14.2 Neurosurgical
training paths in India.
DNB Diplomate of
National Board, MCh
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are called Residents. Though around 400 residents are graduating every year, the
numbers registered with professional society and/or available in the country do
not add up.

This is discussed at the end of the chapter. The different possible neurosurgery
training paths are summarized in Fig. 14.2. After the basic medical training (MBBS),
one usually joins Master of Surgery (MS)/DNB General Surgery (GS) for 3-year
master’s degree followed by 3-year MCh/DNB Neurosurgery course, but a direct
6-year integrated MCh/DNB neurosurgery training is an alternative option (less
common). The 6-year integrated MCh training is provided only by select central
autonomous institutes (AIIMS-D and NIMHANS). Integrated courses have an oblig-
atory 1-year general surgical training during the initial years of the course. The entry
introductory neurosurgical training through either ways is uniform and merit-based
all over India and is obtained through a single competitive examination [National
Eligibility cum Entrance Test Superspeciality (NEET-SS)] organized by the National
Board of Examinations at national level with exceptions for institutes of national
importance (INIs). INIs are autonomous institutes that conduct their own entrance
examinations at national level individually and are only compliant with MCI. The
ratio of MCh/DNB-NS to MS/DNB-GS is remarkably low owing to the wider gen-
eral surgical needs of the country but is on a rise in recent times. This means that
there are fewer centers that offer NS training than GS training. Neurosurgical ser-
vices/training can be seen as largely focused on (1) central institutes such as INIs, (2)
state-run prominent government medical colleges, and (3) private, corporate, and
trust hospitals in metropolitan and major cities (Table 14.1). The vast majority of
these centers are in urban areas and very few in rural/peripheral areas. Central insti-
tutes lead the cause of academic excellence by rigorous neurosurgical training and
advanced multidisciplinary research. These include AIIMS-D, NIMHANS,
PGIMER, JIPMER, SCTIMST, etc. Irrespective of the institute of training, MCh/
DNB degree requires the resident to undertake a thesis on a contemporary topic in
neurosurgery. Residents work on a rotational basis under various consultants with
their own expertise/inclination in subspecialties. They are also rotating in allied neu-
rosciences. During their training, residents are actively engaged in academic semi-
nars, case presentations, and morbidity/mortality meetings. After acceptance of their
thesis/dissertation, trainee has to pass the exit examination (theory + practical) at the
end of third year in 3-year course and fifth year in 6-year course to be eligible for the
award of their respective degree. The academic curriculum though uniform varies
slightly from center to center in terms of emphasis on research methodology, basic
sciences, and exposure to cutting-edge technologies, which are usually restricted to
INIs and top corporate hospitals. To partially compensate this lack of homogeneity in
training content, short-term resident exchange programs occur within the country,
especially from peripheral centers to the more sophisticated central institutes. Due to
the availability of different systems/sources of basic neurosurgery training, a good
number of neurosurgeons with varying levels of neurosurgical ability are available in
India to serve its huge population. Besides basic NS training, some institutes like
AIIMS-D also provide advanced subspecialty training (fellowship) in skull base and
vascular, spine, epilepsy, and pediatric neurosurgery. Fellows’ selection is
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Table 14.1 List of institutions with their neurosurgery course
Neurosurgery
Institution course, Mode of Thesis/
S no. | (country) duration (years) | Eligibility criteria | selection publication
1 AIIMS, New M Ch, MBBS, MS/DNB | Online Thesis (1)
Delhi, 3 years/6 years |recognized by entrance test
NIMHANS, Medical Council of | conducted by
Bengaluru (India) India institute at
and other INI national level
(Institute of
National
importance)
2 GTB Hospital, DNB, 3 years | MBBS, MS/DNB National Thesis (1)
New Delhi (India) recognized by Eligibility cum
Medical Council of | Entrance
India Test —
Superspeciality
3 BSMMU, Dhaka | MS in MBBS recognized | Entrance test at | Thesis (1)
(Bangladesh) neurosurgery, | by BSMMU plus national level
5 years 2-year (government
candidate) and
1-year
(nongovernment
candidate) service
after internship
completed
4 Huashan Hospital, | 7 years MBBS equivalent | Entrance test at | No
Shanghai, China national level
(Neurosurgery
Specialist
Standardized
Training
Curriculum)
5 Novosibirsk License, MBBS plus 1-year | National-level | Not needed
Research Institute |2 years postgraduate entrance test
of Traumatology education (surgeon
and Orthopedics, work)
Novosibirsk
(Russia)
6 Universiti Sains Masters of MBBS equivalent, | National-level | Thesis (1)
Malaysia Neurosurgery, | 12 months house neurosurgery
4 years officer, 18 months | entrance test

medical officer in
neurosurgery

merit-based decided by two-step examination Multiple Choice Questions (MCQs)

test followed by clinical exam, organized by the institute at national level.

The Neurological Society of India (NSI), a combined society of all those associ-
ated with neurosciences in India, was established in 1951. A total of 1983 neurosur-
geons (including trainee surgeons) are registered with NSI. NSI introduced CME
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system into the academic curriculum and publishes its journal Neurology India.
Many subspecialty societies have stemmed from NSI such as the Neurosurgery
Society of India (NSSI), the Skull Base Surgery Society of India, the Neurospine
Society of India, the Indian Society of Stereotactic and Functional Neurosurgery,
the Neurotrauma Society of India, the Paediatric Neurosurgery Society of India, and
the Indian Society of Cerebrovascular Surgery.

China

Following Medicine Bachelor, Bachelor of Surgery (MBBS) equivalent bachelor
training in medicine lasting 5 or 6 years, neurosurgery training is traditionally done
in two stages in China: resident (equivalent to junior resident) for 3 years and attend-
ing (equivalent to senior resident) for at least 5 years. These durations are open-
ended depending upon the individual performance of the trainee. Prior to 2010, basic
neurosurgery training criteria and curriculum were very heterogenous in different
regions/institutes of China. Seeing the need of a standardized residency system all
over China, the Shanghai Health and Family Planning Commission established a
comprehensive program for initial application in Shanghai in 2010. Since 2015, the
Neurosurgical Specialist Standardized Training Program (Shanghai model — 7 years
training) is introduced in class IITA hospitals in China and then all over China since
2020. The 7-year training is divided into two steps in this program. Step I (foundation
block, 3 years, resident) involves training in general surgery and its allied surgical
subspecialties. At completion of step I, resident appears for national examination
(written, oral). Only pass candidates are promoted to step II (neurosurgery block,
4 years, attending) to attend various neurosurgery subspecialties and allied branches
of neurosciences. Besides internal assessment at the end of each rotation, trainee has
to appear for annual examination (written and oral) throughout the course. Step Il has
been increased to at least 5 years in a recent regulation [2].

Russia

There are two avenues of neurosurgery training in Russia: teaching and research
(3 years — dissertation needed, degree given) or practice (2 years — no dissertation,
license to practice given).

Novosibirsk Research Institute of Traumatology
and Orthopedics, Novosibirsk

This institute offers 2-year neurosurgery training to MBBS candidates who have
undergone 1-year postgraduate education (surgeon work). Annual intake is three
residents per year, and selection is done by national-level test. Resident is posted in
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neurosurgery wards, ICU, emergency, trauma center, neuro-oncology and neuro-
orthopedics. He/she is given postings in neurology, neuroradiology, and neuropa-
thology for 1 month each. Besides periodic assessments at the end of every semester,
resident undergoes final test examination at the end of 2 years consisting of theory
examination (three papers), practical examination including operative case, radiol-
ogy, and others. Thesis/publication is not an essential prerequisite for appearing in
qualifying examination.

Bangladesh

Bangabandu Sheikh Mujib Medical University (BSMMU), Dhaka, is the premier
Postgraduate Medical Institution in Bangladesh. It was established in December
1965 as the Institute of Postgraduate Medical Research (IPGMR). Later, in the year
1998, the government converted [IPGMR into a medical university for expanding the
facilities for higher medical education and research in the country.

MS course in neurosurgery was started in 1996 (IPGMR) while residency pro-
gram was started from the year 1998 (BSMMU). The neurosurgery department con-
ducts MS degree course for 5-year duration. The neurosurgery department is located
in the C-block of the university. The department has emergency ward and a general
ward with its faculty rooms and operation room in the Cabin block.

The candidates for residency program can be either from government, non-
government, or from foreign country. Before joining, the candidates have to
fulfill criteria as mentioned by the university. Each year, the admission for resi-
dency starts in November, while the residency classes start in March 1. The
government and nongovernment candidates have to qualify admission test held
by the university while foreign students have to appear for an interview to the
neurosurgery department after fulfilling all the criteria as mentioned by the
university.

The 5-years residency program imparts training in two phases: first 2 years for
Phase A (training in neurosurgery allied subjects) and last 3 years for Phase B
(exclusive neurosurgery training). Trainee appears for Phase A examination at the
end of 2 years and has to pass in all subjects before being promoted to Phase B. After
a minimum of 3-year Phase B training and submitting thesis, trainee appears for the
final qualifying examination.

Malaysia

The first center providing neurosurgical services and training in Malaysia began in
August 1963, in the capital city of Kuala Lumpur. Initially the general surgeons
performed the neurosurgical interventions while general physicians and pediatri-
cians became the archaic neurologists. Dr. Roy Selby, an American neurosurgeon,
heralded the beginning of a new era with the establishment of the first Neurosurgical
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Centre in Kuala Lumpur Hospital. The first Malaysian trainee was Dr. Nadeson
Arumugasamy and started a neurosurgery unit in Kuala Lumpur Hospital in 1969.

The first local training program for neurosurgery was established in 2001 by
Professor Jafri Malin Abdullah in the Department of Neurosciences, University Sains
Malaysia. This training program consisted of two plus 4 years of focused, comprehen-
sive clinical training in the field of neurosurgery, culminating in a Master of Surgery
(Neurosurgery), which was aimed at developing competent neurosurgeons who could
provide effective and safe services, fulfilling the needs of a rapidly developing nation.

After medical graduation (MBBS equivalent), aspiring neurosurgeons have to
work as house officer for 1 year followed by medical officer in neurosurgery for a
minimum of 18 months to be eligible to appear for entrance test for the master’s
course in neurosurgery (4 years). Neurosurgery training is of minimum 4-year dura-
tion. After passing exit examination, he/she has to work for at least 2 years (clinical
practice) to be eligible for registration in National Specialist Register.

Indonesia

The first neurosurgical center in Indonesia was established in Princess Margriet
Hospital in 1948, led by Prof. CH Lenshoek from the Netherlands. This was fol-
lowed by Prof. Handoyo, Prof. Basoeki, Prof. Soewadji, Prof. Padmosantjojo, Prof.
Iskarno, and Prof. Satyanegara, who were the pioneers of Indonesian neurosur-
geons. The first national neurosurgical training was established in 1977 with twice
yearly national board examinations.

The practice of neurosurgery is limited by the licensing system and classification
of hospitals — each neurosurgeon is allowed to practice at a maximum of three hos-
pitals. In Indonesia, only government universities are allowed to conduct neurosur-
gical training program and must have at least one neurosurgical professor and three
PhD neurosurgeons with standard facility and minimal number of surgeries per
year. The ratio of supervisor to student has been standardized to 1:3. The length of
education is 11 semesters. There are currently eight centers for neurosurgery educa-
tion. The residency education program in Indonesia takes 5.5 years to complete.
During the first 3.5 years, residents undergo the first stage in the form of general
surgery basic courses, master programs, and basic neurosurgery. Residents may
start off assisting in surgery and, as they progress, begin to perform on their own
according to the type of case and difficulty index.

Pakistan

Neurosurgery service in Pakistan began in 1951 with a spinal tumor resection surgery.
Prof. Bashir Ahmed, Prof. Qazi, and Prof. OV Jooma were the pioneers who started
neurosurgery and continued to train young surgeons to provide basic services. Functional
and complex surgeries were performed in the 1960s. The Pakistan Society of
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Neurosurgeons was established in 1987 with 22 neuro and general surgeons. This was
registered with WENS in 1987, and WENS interim meeting was held in Lahore in 1989,
under the chairmanship of Prof. Iftikhar Raja. Next few decades saw exponential growth
of neurosurgery and modernization. Like other postgraduate courses, neurosurgery
training in dedicated training centers of Pakistan is called as fellowship (FCPS). After
MBBS equivalent medical graduation and 1-year house job, neurosurgery training aspi-
rant is eligible to appear for Neurosurgery Fellowship Entrance Exam (FCPS part 1
exam) conducted by the College of Physicians and Surgeons, Pakistan (CPSP). FCPS
Neurosurgery is of 4-5-year duration and is of two parts: Part I (general specialty train-
ing like surgery for initial 2 years) followed by intermediate module exam, and then Part
II (exclusive neurosurgery training for later 2-3 years) followed by final FCPS exit
exam. Currently, there are 212 neurosurgeons serving 200 million populations with 415
trainees nationwide in Pakistan. The challenge for the Pakistan Society of Neurosurgeons
is to retain over 400 trainees by providing them incentives and post-fellowship training.

The Philippines

Early pioneers in neurosurgery in the Philippines were in the 1930s. The Philippine
Society of Neurological Surgeons was founded in 1961 by eight fellows, followed
by the establishment of the Academy of Filipino Neurosurgeons in 1999.

The neurosurgical residency is a 6-year program. At present, there are 10 accred-
ited training programs. Training is, at minimum, 72 months (6 years) in duration.
The first year is spent in general surgery. The next 5 years involve rotations in the
neurology, neuropathology, neurodiagnostics, neuroscience, and free electives, and
research. A total of 48 months is devoted to neurosurgery, marked by progressively
increasing responsibility in clinics. The certifying examinations come in three parts:
written, oral, and practical. The written examination covers the subspecialty topics
of neurosurgery. Passing this examination is a prerequisite to sitting for the oral
examination in the form of an objective structured clinical examination during
which the candidates will be expected to show that they have acquired the capability
to diagnose and prognosticate neurosurgical disorders, perform major neurosurgical
procedures, and manage complications. The practical examination involves demon-
strating a neurosurgical procedure to the examiners. This examination is usually
waived for graduates of training programs accredited by the Board. Research output
is a requisite for graduation. There is a requirement to make one oral or poster pre-
sentation at a national or international conference, and to publish at least one clini-
cal paper as the primary author in a peer-reviewed medical journal.

Other Asian Countries

The Sri Lankan neurosurgical services were started back in 1956 with the establish-
ment of 12-bedded neurosurgical wards by Dr. S.A. Cabral at the General Hospital,
Colombo. Here, the basic neurosurgery education is three and a half years of



204 Y. Kato et al.

general surgical training followed by 2-year local neurosurgery training and 2-year
training abroad. The Fellowship of the Royal Colleges of Surgeons Specialty
Examination in Neurosurgery (FRCS—SN) program was started in 2018.

The Nepalese Society of Neurosurgeons (NESON) was established in 2008 with
12 members. In Nepal, the prerequisite to enroll into the 3-year neurosurgery resi-
dency (MCh) program is to have a master’s in general surgery (Master of Surgery,
MS, or equivalent) qualification. The current deficit is 215 neurosurgeons as per
recommended ratio of 1 neurosurgeon to 100,000 population in Nepal.

The services in Kazakhstan have been in existence since 1964. In Uzbekistan, for
those enrolled in master’s program, the training period is 3 years, while for those in
the residency program, training period is 4 years. The Kazakh National Center for
neurosurgery, which was opened in 2008, is one of the 50 neurosurgical specialized
centers in Kazakhstan. The ratio of trainer to trainee is 1:3 in the neurosurgery mas-
ter training program in Uzbekistan. Advance training is compulsory for all practic-
ing neurosurgeons every 5 years.

The Neurosurgical Association of Thailand was found in 1982, followed by the
establishment of the Royal College of Neurological Surgeons of Thailand in 2013.

Local training program in Myanmar started in 2016. At the moment, there are
only four well-equipped neurosurgical centers in Myanmar.

Neurosurgical Training and Care in Asia: Challenges
and Opportunities

Analyzing the various curriculums across the countries, a proposal for achieving
uniformity in training to attain common standards is warranted with emphasis on
minimum number of hours in operating theater/cases operated, optimal exposures
to subspecialties and allied branches, and engaging in academic seminars and
surgical skill labs. Minimum basic infrastructure needed at the training center
includes dedicated neurosurgery ward beds (at least 20) and neuro-ICU beds with
ventilator and monitors (at least five), exclusive neurosurgery operation rooms,
microscope, C-arm, and surgical drills along with availability of CT and MRI
scanners. In high-income countries, neuroendoscopy, stereotaxic equipment, and
ultrasonic aspirators along with angiography facilities are desirable. A good
teacher to student ratio (e.g., 1:2 per batch), weekly seminars, journal clubs, case
conferences, and morbidity/mortality discussion will ensure academic compe-
tence irrespective of economic drawbacks. Since the duration of training pro-
grams varies across countries, a minimum hands-on exposure of 400 cases during
the entire residency program should be set accounting for the difference in patient
flow to the hospitals. Exposure to all subspecialties (spinal, skull base, neurovas-
cular, pediatric neurosurgeries, etc.) by rotation even for a brief stint equips the
residents with basic knowledge and sets the path for future learning. Maintaining
logbooks by each resident keeps themselves documented and tracked during the
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residency. Short-term posting to another national or international center of excel-
lence via exchange programs in the final year exposes them to a different setup
with different protocols and management skills, thus giving them the opportunity
to think out of the box.

In countries like India and other low-income or low—middle-income countries,
both the demographic diversity and the existence of different kinds of hospitals with
respect to infrastructure, curriculum, exposure, etc., affect the training and delivery
of care in multiple ways. Lack of insurance impacts the extent people seek neuro-
surgical treatment. Though an impressive number of graduating neurosurgeons are
available per year, one does not see this reflected in the numbers available in hospi-
tals. This is largely due to the unavailability of infrastructure and lack of a neurosur-
gery department in medical colleges.

Many go abroad for fellowships and never return to country. Thereby lies the
crux of the problem. It is estimated that 50-60% neurosurgeons are concentrated in
eight major cities of India with 10% population. This is a common problem in most
low-income Asian countries. Patients from rural parts often travel long distances to
reach tertiary center, which leads to the loss of crucial time window of successful
intervention. Even if there are some neurosurgeons in a peripheral center, lack of a
dedicated neurosurgery department, funds, and operation rooms limits the delivery
of neurosurgical services. Training in private teaching and corporate hospital limits
the hands-on training of the residents due to the patients demanding senior surgeons
to operate on them and due to limited exposure to complex cases requiring complex
procedures. Achieving equity in infrastructure and improving the standards of train-
ing by uniform curriculum is essential for good neurosurgical care for any country.
To this end, policymakers should consider reforms that ensure increased funds in
peripheral hospitals develop dedicated NS departments with basic infrastructure
and pay competent incentives to the doctors working in rural/underprivileged com-
munities. Affiliating multiple small peripheral centers to the regional tertiary care
hospital can help in streamlining the referral system and training. Interest-free loans
should be provided for institutes to develop NS infrastructure. This eventually
would reduce the disparity in doctor patient ratio, which is high in urban and low in
rural training centers. Proper streamlined segregation of patients by an established
national referral system can ensure the optimal usage of all centers with varied
sophistication: for example, one can avoid commuting of a patient with disc pro-
lapse to travel 1000 miles to reach an apex center since there is no proper referral
system. Technological advances such as telemedicine and tele-neuroradiology
could also help a great deal in this regard, which we are already realizing in this
COVID-19 era. Brain drain from middle- and low-income countries to the other
pastures is a huge concern and has to be tackled with strict policymaking and paying
competent salaries and perks.

Another issue is that the number of neurosurgeons trained in these institutes and
the neurosurgeons working in the community is not tallying up. This could be
because most of them go abroad after getting trained and some of them get into
administrative work and stop practicing.
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Conclusion

Most developing countries still lack adequate number of medical workforces in the
care of neurosurgical patients, neurosurgical infrastructure, and neurosurgical train-
ing. The shortage of neurosurgical facilities includes dedicated neurosurgical beds,
intensive care unit beds, and hospitals with adequate neurosurgery capacity.
Streamlining the referral system can help in ensuring optimal use of available infra-
structure in the resource-depleted countries. To achieve true standards of neurosur-
gery at the global level, the concept of an international consensus in ensuring sound
knowledge and practical competency through a world certifying body is essential.
The contributions from all neurosurgical societies across the world to model their
training curriculum based on an examination model with high standards and inter-
national validity should be the next strategy for neurosurgery around the world. The
needs for sub-specialization have been catalyzed by the exponential growth of neu-
rosurgical knowledge.
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Chapter 15 )
Neurosurgery Education Around the
World: Australasia

Check for
updates

Heidi McAlpine, Edward Mee, John Laidlaw, Andrew Kaye,
and Katharine Drummond

Introduction

Neurosurgery is a relatively young specialty, especially in Australasia, which is the
geographic region including Australia, New Zealand and Papua New Guinea (PNG).
Due to our relatively small population, Australasian neurosurgical education has
been closely linked with a single surgical college, the Royal Australasian College of
Surgeons (RACS), which unites all surgeons and governs the training of nine surgi-
cal specialties, including neurosurgery, in partnership with specialty training boards.
We describe the evolution of neurosurgical training in Australasia from a humble
offshoot of general surgery to a mature specialty facing the unique challenges of the
Australasian region and look to the challenges of the future.
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Historical Background

The Royal Australasian College of Surgeons

The first surgeons in the early colonies of Australia and New Zealand came from
various backgrounds, including the navy and army, and later free settlers, and were
largely trained in Great Britain or Ireland. The first Australian medical school was
in Melbourne, with the first cohort of graduates in 1867. In New Zealand, the first
medical school was formed in Dunedin, in 1875. All graduates were considered
trained in both medicine and surgery; however, those who wished to undertake more
dedicated surgical practice commonly travelled, like their teachers before them, to
the British Isles, to become fellows of one of the colleges of Great Britain or Ireland
[1]. In 1920, Professor Louis Barnett of Dunedin, at a meeting of the New Zealand
Branch of the British Medical Association in his home city, proposed that an asso-
ciation should be founded to raise surgical standards and recognise surgical exper-
tise in Australia and New Zealand. This was partly associated with the progressive
movement towards independence from the United Kingdom and also inspired by
the establishment of the American College of Surgeons. Considerable debate took
place, and it wasn’t until a group of surgeons from the teaching hospitals in
Australasia met in Sydney in 1926 that an Australasian College of Surgeons was
proposed. The 19 founders of the college subsequently met in Dunedin in 1927 and
took the opportunity to form the College of Surgeons of Australasia [2]. The objec-
tives of the college included “the cultivation and maintenance of the highest prin-
ciples of surgical practice and ethics, promotion of the practice of surgery under
proper conditions, the arrangement of adequate postgraduate surgical training, and
the promotion of research in surgery” [1]. Thus, the foundation of the Australasian
College was an amalgam of the best of British and American traditions. In 1931,
King George V granted use of the prefix “Royal”, and thus the Royal Australasian
College of Surgeons (RACS) was born at the opening ceremony of the new head-
quarters in Melbourne in 1935 [1].

The training of all surgeons in Australasia remains the responsibility of the
RACS, which defines the minimum training requirements and ensures, by a summa-
tive exit examination introduced in 1956 [3], that defined standards are attained on
the completion of training. Previous models included a few years of “basic” surgical
training rotating through various surgical and critical care specialties, with subse-
quent admission to “advanced” training in one of nine surgical subspecialties
(including neurosurgery) in an accredited hospital post [4, 5]. Specialty surgical
training and the curriculum was overseen by specialty training boards. In the final
year of training, trainees deemed eligible based on supervisors’ reports, logbooks
and progressive assessments were able to present for the centralised final examina-
tion [4, 6] with written, clinical and oral sections, to receive fellowship of the Royal
Australasian College of Surgeons (FRACS). The majority of fellows undertook fur-
ther training in overseas units, often in the United Kingdom, but now commonly in
the United States and other overseas units [1].
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In 2008, the basic and advanced surgical training model was replaced by the
Surgical Education and Training (SET) program with neurosurgical trainees no lon-
ger undergoing a formal period of basic training but accepted directly into neurosur-
gical training at some period after their internship. The move away from the basic/
advanced model of surgical training was influenced by two main factors. The first
was that there were insufficient positions for all trainees accepted into basic training
to progress to advanced training, creating unrealistic expectations and a cohort of
partly trained “perpetual basic trainees”. The second was a range of educational,
social, regulatory and political factors, informed by the changing demography of
medical graduates (older and more likely to have partners and families), as well as
commonwealth and state government demands [7]. The SET program incorporates
selection directly into the surgical specialty of choice, and a change to competency,
rather than time-based training [7]. RACS identified nine competencies of trained
surgeons, and the curriculum and assessment of the SET program align to these [8].
They include medical expert, communicator, collaborator, professional, manager-
leader, health advocate, technical expert, scholar-teacher and judgement decision-
maker [8]. Both generic and specialty-specific eligibility criteria apply, and a single
merit-based state, national or bi-national selection takes place in each specialty,
depending on the size of the specialty [7]. Neurosurgery selection, training and cur-
riculum are now overseen by the SET Board of the Neurosurgical Society of
Australasia (NSA) contracted by RACS who administer and oversee overall gover-
nance and the final examination and awarding of FRACS.

The Neurosurgical Society of Australasia

The first Australasian neurosurgeons, prior to the establishment of the NSA, were
general surgeons with an interest in neurosurgery and were largely self-taught.
There was neither the population nor the resources to support a dedicated pioneer
neurosurgeon, and most surgeons serving this small and far-flung population tried
their hand at everything. A small number of these general surgeons had worked in
renowned units in the United Kingdom, where the principles of Lister were prac-
ticed and the pioneering surgery of Macewan, Horsley and Godlee had been recog-
nised. Probably the first documented posterior fossa procedure for a cyst was carried
out in Dunedin, New Zealand, in 1889, and in 1890 a craniotomy was also per-
formed in Dunedin in what was “very probably the first successful operation of its
kind to be performed in Australia or New Zealand”. In Melbourne, at the St Vincent’s
Hospital, a convexity meningioma was successfully removed and reported on in
1895 [9]. Dr. (later Sir) Douglas Miller, from St Vincent’s Hospital, Sydney, was
instrumental in proposing the formation of a neurosurgical society in Australasia,
and in 1939 he wrote to seven like-minded surgeons suggesting an organisation. The
Neurosurgical Society of Australasia was established by these eight founding mem-
bers at a meeting in Melbourne on April 19, 1940 (originally named the Society of
Australasian Neurological Surgeons) (Fig. 15.1). The first president was Dr. (and
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Fig. 15.1 Founding members of the Neurosurgical Society of Australasia (NSA). Clockwise from
top left: D. McKenzie, F. Morgan, G. Phillips, R. Money, A. Coates, D. Miller, L. Lindon,
H. Trumble. (With permission from the NSA)

later Sir) Albert Coates, the first neurosurgeon at The Royal Melbourne Hospital [9,
10]. The society was at first conceived as an informal club for scientific meetings
and the exchange of views [9]. Over the years, it grew into the governing body for
the specialty, an organisation for the training of neurosurgeons in Australia and New
Zealand, and in partnership with RACS, responsible for determining the require-
ments necessary for certification of neurosurgeons [9].

Even after the establishment of the RACS and the NSA, prior to 1960 the major-
ity of Australian neurosurgeons trained overseas (primarily in the United Kingdom),
due to the limited opportunities in Australasia. In subsequent years neurosurgery
training programs, based in hospitals, were developed in Australia and New Zealand,
in concert with the other specialties [11], with the first bi-national neurosurgical
training seminar being held in 1970. These seminars continue today, when all train-
ees from Australia and New Zealand meet for didactic education and networking
[11]. In common with comparable programs in other countries, neurosurgical train-
ing in Australia and New Zealand is based on the Halstedian apprenticeship model,
which implements Osler’s principle of learning by practical experience [12, 13].

Modern Neurosurgical Training

Table 15.1 summarises the components of the neurosurgery selection and training
process in Australasia. Australia is a large country with a relatively small population
of approximately 25 million people. Neurosurgical units are generally located in the
major cities, which lie on the coast, some widely separated and servicing relatively
small populations. In Australia, there are 27 training units in 11 cities, none of
which are inland, with 49 training positions accredited by the NSA. New Zealand
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Table 15.1 Components of the (A) selection process and (B) of the neurosurgical training program
in Australasia in 2020
A)
Selection to training preceded by 2 or more years of pre-vocational surgical and critical care
experience including a minimum of 24 weeks of neurosurgery experience

Transparent selection with published assessment standards and criteria

Selection based on scores from curriculum vitae, referee reports, neuroanatomy exam and
structured interview (Table 15.2)

Three referees selected by the SET Board, from recent supervisors proposed by trainee

Referees interviewed by two interviewers using structured proforma with marking rubric

Interviews are four clinical scenarios with three interviewers scoring against set criteria
B)
Bi-national (Australia and New Zealand) program administered by SET Board of NSA

Competency based not time based

Divided into basic (1-2 years), intermediate (3 years) and advanced (1-2 years) training sections

Operative competencies and minimum caseload must be achieved for progression

Academic, clinical, research and professional standards assessed quarterly and must be achieved
for progression

Training in a minimum of two, and usually three training units®, including one paediatric term

Compulsory 6 monthly bi-national neurosurgery training seminars at which all trainees gather
from Australia and New Zealand for a 2 or 3 day interactive seminar on a selected subspecialty
area of neurosurgery with presentations by both trainees and faculty, as well as practice exams

Exit examination in the final stage of training administered by RACS

Training units accredited every 5 years against multiple criteria (Table 15.4)

Performance of training units reviewed annually against trainee logbooks and feedback

“There are currently 32 accredited training units in Australia (27), New Zealand (4) and
Singapore (1)

has five neurosurgical units spread over two islands with just under 5 million popu-
lation. Five training positions are accredited by the NSA in these units with, and
four additional positions are filled with senior residents from North American neu-
rosurgical units. The case mix and case load of these various Australasian units led
to specific challenges in providing a balanced and broad educational experience in
all the accredited units. In the late 1980s the Training Board of the NSA determined
that many smaller single neurosurgical units in Australia and New Zealand could
not provide the breadth of experience and case load required for adequate training
of neurosurgeons. This led to the formulation of a centralised bi-national training
program between 1991 and 1994 under the leadership of Professor Peter Reilly,
with trainees moving between neurosurgical units every 1 or 2 years, with at least
one interstate or international allocation. Most trainees would rotate through three
or four training units, with the benefit of training and mentorship by 20 or more
individual neurosurgeons, which would not be possible in a single smaller unit.
Trainees were selected centrally for the bi-national neurosurgical training program.
Central accreditation of training posts by the NSA board had already been instituted
under the previous board chair, Professor Leigh Atkinson, and this had informed the
need for rotation through a number of training units for a broad and adequate
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training experience [14]. Neurosurgical training in Australia and New Zealand has
subsequently undergone under a number of evolutions. The curriculum has been
reviewed regularly, with a major review in 2005 to ensure that “assessment drives
learning” [3] and a further update planned for 2022. Training has lengthened from
4 to 5 or more years and has evolved to include competency-based training with the
possibility of flexible working hours, and the need for regular in-training assess-
ments, in addition to the long-standing exit exam.

The RACS and the NSA have also been influential in the development of neuro-
surgery and neurosurgical services in the Pacific region, particularly PNG, but also
Fiji, the Cook Islands, Timor-Leste and Samoa. Professor Jeffrey Rosenfeld has
been instrumental [10, 15], co-authoring Neurosurgery in the Tropics: A Practical
Approach to Common Problems, a textbook aimed at neurosurgical knowledge for
general surgeons in remote settings [16, 17]. He is an honorary professor at the
University of PNG. He and other Australasian neurosurgeons have travelled fre-
quently to PNG as both surgeons and educators of general surgeons in common
neurosurgical procedures. Subsequently, neurosurgeons have trained in PNG,
including with specialty training at Townsville Hospital under the mentorship of
Dr. Eric Guazzo.

Current Status and Controversies of Neurosurgical Education
in Australasia

Current Status of Neurosurgical Education

Neurosurgical training continues under the basic model described above, with
trainees selected across Australia and New Zealand by the SET Board of the NSA,
which also oversees the accreditation of training posts and curriculum. The exit
examination is conducted by RACS and involves two written papers consisting of
five essays and five short answer questions, oral examination in neuroanatomy,
neuropathology, neuroradiology and operative surgery, as well as a clinical exam-
ination involving actual patients. The chief controversies in Australasian neuro-
surgical training have been arguably the two most important aspects of producing
excellent neurosurgeons, that is, selection of excellent trainees [18, 19] and
accreditation of training units or programs for excellence [20-22]. Due to the
unique training environment in Australia, these aspects of neurosurgical educa-
tion have recently been under close scrutiny [14].

Despite general satisfaction with training, there are specific challenges related to a
centralised system. The first is the selection of applicants for training. There has never
been a rigorous evaluation of neurosurgery (or any other surgical specialty) trainee
selection, and no superior method is agreed upon [18, 19, 23]. In the Australasian
system, the choice of trainees by a central selection panel, with subsequent allocation
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of that trainee to an accredited training unit, has led to much discussion, particularly
when an underperforming trainee is recognised. While the selection process is ardu-
ous and transparent, not all trainees complete training, and disciplinary proceedings
due to poor performance, even late in training, are not uncommon. Whether this is due
to poor selection processes or a lack of “skin in the game” for the training unit is not
clear. For instance, if a particular unit does not take “ownership” of a trainee from the
time of appointment to the end of training and early independent practice, then it may
be more straightforward to give an excellent reference or pass a trainee in a placement
to allow them to move to the next, rather than take the more difficult and sometimes
adversarial or litigious path of giving genuine negative feedback, refusing to give a
reference or even fail a trainee in a placement. This is in stark contrast to training
systems such as in the United States, which are institution based and where ownership
of and investment in the trainee is high, possibly leading to a more coordinated over-
sight of progression. However, limitations of institution-based training may include
less transparent selection processes, trainee exploitation and creation of “orphan”
graduates if not ultimately employed by their training institution but without broad
experience to succeed elsewhere.

Similarly, if trainees, and often their families, are to be moved nationally and
internationally between training units, and as trainee experience rightly becomes
more appreciated, the quality of training posts is paramount. Thus, the minimum
standards for accreditation of a neurosurgical unit as a training post have been
strictly defined, and regular feedback is sought from trainees on their experience in
each post.

Selection of Neurosurgical Trainees

In many respects, selection of neurosurgical trainees by the SET Board of the NSA
is similar to other international neurosurgical programs. Selection includes analysis
of a structured curriculum vitae (CV), including previous research and publications.
A major component of the CV is also previous neurosurgical experience, as
Australasian medical graduates enter specialty training after internship and a period
of pre-vocational training, where they may gain experience in a number of special-
ties, including neurosurgery. A minimum standard for the CV must be attained, and
the applicant must also sit a 70-question neurosurgery anatomy multiple-choice
exam. A satisfactory performance in the CV and exam will lead to reference checks
from three referees, with the subsequent selection of the 24 total highest-scoring
applicants from the first three components for the final semi-structured interviews,
all of which are standardised clinical scenario interviews with defined marking
rubrics. The weighting of each component of the selection process is shown in
Table 15.2. The numbers of applicants in 2019 and their performance in the selec-
tion process are shown in Table 15.3.
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Table 15.2 Weighting of the components of the selection process for applicants to neurosurgery
training in Australasia

Component Weighting Satisfactory performance
Structured curriculum vitae 15% 50% (5.5 of 11 possible)
Neurosurgery anatomy exam® 30% 70%

Referee report 30% 50% (36 of 72 possible)
Neurosurgery semi-structured interview 25% 50% (8 of 16 possible)

aExam is a 70-question multiple choice exam

Table 15.3 The numbers of applicants for neurosurgery training in Australasia in 2019 and their
performance in the components of the selection process

Curriculum vitae | Anatomy exam | Referee report | Interview
Applicants scored 66 66 542 24 (6 female, 25%)
Number passed female | 15 (22.7%) 14 (21.2%) 11 (20.3%) NA
Number passed male | 48 (72.7%) 44 (66.7%) 36 (66.7%) NA

Applicants are ranked and allocated according to the number of training positions available, typi-
cally 6-11 per year. In 2019, nine places were available with seven male and two female successful
applicants

CV curriculum vitae, NA not applicable

*One applicant withdrew following the CV and examination. Of 66 CVs scored, only 63 applicants
obtained sufficient points to be further considered. Of 66 applicants who sat the anatomy exam,
only 58 obtained a passing mark, leaving 54 applicants proceeding to referee interviews reports. Of
the 54 applicants proceeding to referee interview reports, 37 obtained a sufficient score to proceed
to interview, and these were ranked based on their total score, and the top 24 applicants were
interviewed

Of these components over the previous 10 years, the most contentious has been
the referee report. The past experience of the SET Board, and other authors [18, 23],
was that standard written references, either using a pro forma or a letter of recom-
mendation, did not discriminate between applicants, with many candidates submit-
ting perfect scores, or overly positive written references, not reflecting their
subsequent performance in training.

Thus, the major modification and revolution in the Australasian selection process
has been the change to obtaining referee reports using a semi-structured interview
process. Referee reports are obtained from three neurosurgeons, often from differ-
ent neurosurgical units, who have recently worked with the applicant. The applicant
does not choose the referees specifically but nominates a selection of recent supervi-
sors who are not SET board members, any of whom may be chosen for interview by
the Board. The reference interview is undertaken by two neurosurgeon members of
the SET Board, with a member of the executive staff transcribing the discussion and
recording scores. The components of each interview are collated into a final score.
The reference interview follows a basic script with questions for further probing of
answers, and a marking rubric is supplied. While this is an extremely time-
consuming process, this method of obtaining referee reports has resulted in a wider
spread of scores and is more able to separate high and low scoring applicants than
other components of the selection process.
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In 2014, using a pro forma written reference, the average score was 33.7/35
(96%, range 24.3-35), and this result was typical of previous years with many appli-
cants obtaining a near perfect score. In 2015, the first year the reference interview
was utilised, the average score was 17.1/30 (57%, range 8-25), and this continued
in subsequent years with average scores between 58% and 76%. Thus, the refer-
ences obtained by interview of three referees produce a wider spread of scores and
a lower average score than written references, making them more suitable to sepa-
rate applicants into higher and lower performing groups [14].

The referee report script includes the following components, each with multiple
questions, to assess the nine agreed competencies of a RACS surgeon as
described above.

Context — the relationship of the referee to the applicant, including length, capac-
ity and circumstance of contact.

Technical skills — the competence of the applicant for basic neurosurgical proce-
dures, including dexterity, orderly flow, positioning, dealing with complications,
evidence of preparatory study, level of supervision required and ability to work
under pressure.

Collaboration and teamwork, medical expertise and judgement — the quality of
the applicant’s patient care, including trustworthiness of assessments, recognition
of complications, organisation, punctuality, communication skills and interactions
with nursing, emergency department and intensive care unit staff.

Communication and professionalism — the quality of the applicant’s communica-
tion with both senior and junior staff and patients, including precision, accuracy and
civility. Professional behaviours such as contactability, reliability, workload man-
agement and honesty are explored, including a mature response to mistakes and
negative feedback, taking personal responsibility and not blaming others.

Scholarship and teaching, readiness for training — the applicant’s attendance at,
level of contribution to and enthusiasm for educational sessions.

Finally, the referee is questioned as whether the applicant is ready for training (or
would benefit from further pre-vocational experience before formal training).

Accreditation of Neurosurgical Training Units

The accreditation of training posts is critical to the success of the training experi-
ence. Training units are accredited every 5 years by the SET Board of the NSA in
accordance with policies formulated by the RACS (although shorter periods of
accreditation may be given if deficiencies need to be rectified). Accreditation
involves both site visits, with physical inspection and interview of trainees, neuro-
surgeons and other staff, and review of application documents for adherence to pub-
lished criteria (Table 15.4). Accreditation may be of a single site or commonly of
two or three collaborating sites with a primary site taking overarching responsibil-
ity. For instance, many large tertiary neurosurgical centres have secondary commu-
nity or private hospitals in close proximity, which act as collaborating training sites.



218

H. McAlpine et al.

Table 15.4 Summary of the NSA SET Board training post accreditation standards

Standard | Theme Principles
1 A hospital with a | Policies, procedures and staff education to provide a safe training
culture of respect | environment free of discrimination, bullying and sexual
for patients and harassment; actively promoting teamwork and professionalism
staff Policies and guidelines aligned with RACS Code of Conduct
Commitment to share complaint and misdemeanour information
with the SET Board
Robust complaint management and performance review
processes
2 Education Computer facilities, Internet access and tutorial rooms
facilities and Private study areas isolated from busy clinical areas
systems
3 Quality education, | Coordinated schedule of education without conflicting

training and
learning

obligations. Four hours of structured neurosurgeon-led tutorials,
one neuropathology session, one Journal Club and 4 h
neuroradiology sessions per month

Access to simulated learning and basic skills training equipment
Educational leave to attend compulsory courses, scientific
meetings, biannual trainee seminars and examinations
Opportunity to participate in research

Supervised management of patients in an emergency department
accredited by the Australasian College of Emergency Medicine
or equivalent and an intensive care unit accredited by the
Australia and New Zealand College of Anaesthetists or equivalent

Neurosurgical
training
supervisors and
staff

A neurosurgical training supervisor who satisfies the
requirements of the RACS Surgical Supervisors Policy and NSA
Training Program Regulations, with a fellowship in neurosurgery
from the RACS, membership of the NSA, compliant with RACS
Continuing Professional Development requirements and spending
a minimum of 20 h per week at the training site
Additional neurosurgical trainers who satisfy all responsibilities
and requirements outlined above, but with less time commitment
For a training post with one trainee, a minimum of two
additional neurosurgical trainers, spending a combined
minimum total of 40 h per week in the site
For a training post with two trainees, a minimum of three
additional neurosurgical trainers, spending a combined
minimum total of 60 h per week in the site
For a training post with three trainees, a minimum of four
additional neurosurgical trainers, spending a combined
minimum total of 90 h per week in the site
The neurosurgical supervisor and neurosurgical trainers should
discuss and agree on goals for the trainee, provide one-to-one
clinical supervision, frequent informal feedback, structured
constructive feedback and recorded assessment of performance.
The trainee must have opportunity to respond to feedback
Paid, protected administrative time and secretarial and IT
services to undertake neurosurgical supervisor duties and
negotiated leave to attend mandated training and meetings

(continued)
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Table 15.4 (continued)

Standard

Theme

Principles

5

Support services
for trainees

Work schedules that adhere to local legislation
Trainees should:
Be on-call no more than 1 day in 3
Work less than 70 h per week
Be safe and have security provided when necessary
Have access to human resources services, including
counselling if required
Remuneration should be in accordance with the public sector
awards. There should be a commitment to facilitate flexible
(part-time or interrupted) employment

Clinical load and
operating sessions

A minimum of one outpatient clinic per week to see new and
follow-up patients under supervision
A defined neurosurgical inpatient unit of sufficient beds
(minimum 15) to enable adequate turnover
At least three ward rounds or patient care meetings per week with
a neurosurgeon
The minimum number of major neurosurgical procedures
required annually are:
Adult posts
For one trainee, 400 major cases with a minimum of 200 in the
primary site
For two trainees, 600 major cases with a minimum of 300 in
the primary site
For three trainees, 900 major cases with a minimum of 450 in
the primary site
Paediatric posts
For 1 trainee, 200 major paediatric neurosurgical cases
Significant hands-on involvement in surgical cases, increasing
based on skill level to primary surgeon
Participation in a minimum of 100 major neurosurgical cases per
6 months in adult posts and 75 in paediatric posts
Major involvement in perioperative management of patients
Regular weekly involvement in acute/emergency care of
neurosurgical patients, with a minimum 1:5 involvement in
emergency care required

Equipment and
clinical support
services

Accreditation of sites by Australian or New Zealand Councils of
Healthcare Standards to undertake surgical care

Suitable diagnostic and intervention services, including 24 h

7 day access to CT scan, DSA, MRI scan and general pathology
Additional specialist neuropathology access

Framed and frameless stereotactic equipment, an operating
microscope and an ultrasonic aspirator

Support and ancillary services including rehabilitation,
neuropsychology, neuropsychiatry, neurology and radiology and
secretarial support and office space

(continued)
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Table 15.4 (continued)

Standard | Theme Principles
8 Clinical A quality assurance board or equivalent (with a senior external
governance member) reporting to a governance body and documentation

quality and safety | published by the hospital on human resources, clinical risk
management and other safety policies

A designated head of the neurosurgical department with a defined
role in governance and leadership and a minimum six-monthly
department meeting in each site

All medical staff credentialed at least every 5 years in all sites by
a hospital credentialing committee

Regular (at least quarterly) review meetings of morbidity/
mortality, averaging 1 h per month with all neurosurgical
supervisors, neurosurgical trainers and trainees participating and
with robust peer review

CT computed tomography, DSA digital subtraction angiography, MRI magnetic resonance imaging,
NSA Neurosurgical Society of Australasia, RACS Royal Australasian College of Surgeons, SET
surgical education and training

Trainees are allocated to the primary site but may spend up to 20% of their time in
the secondary sites. Each primary site must have a designated neurosurgical super-
visor of training for whom there are strict professional and training requirements.
Appointment of a neurosurgical supervisor can be reviewed or revoked by the SET
Board at any time.

There are currently 32 accredited training units in Australia (27), New Zealand
(4) and Singapore (1) with a number accredited for more than one trainee to make a
total of 56 training positions. This has increased in the last decade from only 38
posts in 2009. In 2018, two new applications for accreditation for training were
denied on the basis of non-compliance to the standards outlined in Table 15.4,
largely based on case load. One unit not compliant on reaccreditation has lost
accreditation. Five units have been required to rectify deficiencies or been given
shorter periods off accreditation to allow for early reassessment.

Analysis of trainee logbook case load data is one mechanism by which the adher-
ence of the training sites to accreditation standards can be analysed and gives valu-
able information about the breadth and depth of exposure of trainees. A recent
analysis of the logbooks of 20 “average” trainees completing their training in the
usual 5 or 6 years, in 2016, 2017 and 2018, was examined for case load and case
mix, which confirmed that trainees more than fulfil the training requirements in
accredited training posts, confirming the robust nature of at least this aspect of unit
accreditation and the provision of adequate operative experience for trainees
[14,24].

Additionally, written evaluations of the training experience have been recently
reported [14] and can be summarised to reflect:

* An appreciation of the diversity of training due to experience of multiple training
units, resulting in a well-rounded trainee with the benefit of a larger profes-
sional network
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* An appreciation of diversity of skill acquisition, exposure to subspecialties and
varying departmental cultures to shape individual future practice

* An appreciation of a relatively uniform standard of training not constrained to a
particular hospital’s strengths or subspecialty and also fostering relationships
between hospitals to facilitate cooperative interests, such as research

* An expression of the logistical challenges of moving away from support net-
works, critical during early training or the exit exam with resulting isolation,
financial burden, relationship challenges (including for the spouse’s career, often
with periods of separation) and uncertainty regarding future postings

* An expression of the stress of learning new hospital systems, policies and
practices

This trainee experience is significantly different to that in systems such as in
North America, where training is undertaken largely in a single institution or a few
closely allied institutions. Advantages and disadvantages to both systems can be
clearly seen from the above evaluation, with the Australasian system notable for
breadth of experience and standardisation of the training environment. Despite the
challenges, many trainees report positively on rotation between units, citing the
clinical exposure and a chance to work with different mentors as advantageous. The
experience has improved in recent times, with the establishment of a “home state”
whereby the majority of training is performed across hospitals located within that
region. Although this reduces interstate or international relocation, this will still
occur at least once during training, potentially resulting in significant disruption for
the trainee and their immediate family.

Controversies in Neurosurgical Education

Overall, the bi-national, multi-institutional training scheme seems to have been very
successful in improving the diversity, strength and breadth of training for
Australasian neurosurgeons. This is evidenced by the case load and case mix
[14, 24], which is comparable or superior to programs in Canada [25], the United
Kingdom [22] and Europe [26], many of which do not have similar constraints
related to vast distances and a small, separated population. However, with the widely
agreed benefits has come challenges.

The first consideration, if training is to involve the hardship of moving between
multiple institutions, including interstate or internationally, is to ensure excellent
training, including an excellent experience for the trainee. There is little in the litera-
ture to guide accreditation of neurosurgical units apart from specific considerations
for subspecialty training such as endovascular/cerebrovascular surgery [19] or spine
neurosurgery [20], and there is little discussion of trainee welfare and satisfaction.
The rigorous accreditation process outlined above appears to conform with at least
best practice and is monitored by reaccreditation every 5 years and bi-annual trainee
feedback, with scores across multiple years aggregated and released to the training
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unit to highlight deficiencies, while maintaining trainee anonymity. Monitoring of
important metrics such as operative experience, professional behaviour and partici-
pation in educational activities within the strict framework of a national accredita-
tion oversight may be more rigorous than unmonitored systems that are
institution based.

The second consideration is trainee selection, with two chief problems identified
in a centralised selection process. The first is the best method for selection, and the
second is the lack of ownership and overall oversight of the trainee’s career by any
single institution.

Trainee selection around the world usually involves a combination of CV, exami-
nations, references, interviews and occasionally psychoanalytic or personality tests.
This process is fraught, and there is no agreed standard. In one meta-analysis,
Zuckerman et al. [23] studied 21 articles evaluating 1276 resident applicants across
five surgical subspecialties (no neurosurgical studies met the inclusion criteria). Of
all the common pre-residency selection factors employed, objective standardised
test scores correlated well with in-training and board examinations but correlated
poorly with subsequent faculty evaluations of the trainee. Subjective factors, such as
aggregate rank scores, letters of recommendation and athletic or musical talent,
demonstrated only moderate correlation with future faculty evaluations. Similarly,
Al Khalil et al. [18] used a questionnaire based on the Electronic Residency
Application Service (ERAS) guidelines [27] with 3- or 4-point Likert scales. Of 46
neurosurgery residency program director respondents in August 2011, the most
important factors in the selection process (>0.3) were the interview process
(mean = SD =3.80 + 0.65), United States Medical Licensing Examination (USMLE
I) scores (3.58 = 0.54) and letters of recommendations (3.56 + 0.54). However high
satisfaction with selected residents was only 60.9%. In multivariate analysis, pre-
dictors of long-term satisfaction with resident selection included less emphasis on
letters of recommendation (P = 0.037) and greater weight on applicant extramural
activity (P = 0.038). Thus, the NSA efforts to improve the referee process as
described above are timely and address a well-recognised deficiency. In particular,
the referee reports have a strong emphasis on identifying proficiency in non-techni-
cal skills, which are increasingly seen as critical to neurosurgery practice. This is
evidenced by initiatives such as “Neurosurgery Boot Camp” which includes train-
ing in professionalism and communications skills in addition to traditional skills
based teaching [8]. The success of the in-depth referee interviews will, however,
only become evident with future analysis of training completion and performance.

The second, as described above, is the lack of “ownership” of centrally selected
trainees allocated to a training unit to which they may have no previous or ongoing
mentoring or pastoral relationship. This is a recognised deficiency with the
Australasian system and may lead to the movement of underperforming trainees
along to the next training unit as a path of least resistance, thus avoiding the more
difficult and sometimes adversarial or litigious path of giving genuine negative
feedback, refusing to give a reference or even failing a trainee in a placement. In
addition, there are implications for future employment as an “orphan” graduate with
no ties to a specific hospital, with a “home” hospital traditionally the place of first
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postgraduate employment in the Australia and New Zealand. Solutions to this iden-
tified problem are not clear, but creation of smaller training networks or “home”
units is suggested and will be vital in the face of an ever-increasing number of appli-
cants to neurosurgery training in Australia and New Zealand who are older and
more likely to have a professional partner and children. For this group, constant
moves are an increasing hardship, but solutions must be found which do not dilute
the excellent breadth and depth of neurosurgical training currently achieved.

Future Opportunities and Unmet Needs

Upon review, the neurosurgical education in Australasia as it has evolved over the
last 80 years produces excellent neurosurgeons, fit for practising in the Australasian
system. However, many challenges remain for the future decades.

Diversity in the Neurosurgical Workforce

Gender and racial diversity are ongoing challenges for neurosurgery in Australasia.
Although racial diversity with regard to immigrant populations is strong, Indigenous
people from Australia and New Zealand continue to be underrepresented. The first
RACS surgeon to identify as Indigenous was Dr. Kelvin Kong, who was admitted as
a Fellow in Otolaryngology, Head and Neck Surgery in 2007. Currently no neuro-
surgeons identify as Aboriginal or Torres Strait Islander (ATSI) or Maori. There are
current RACS initiatives to address cultural competence and safety, as well as his-
toric and systemic racism in surgical selection and training. These RACS initiatives
for people identifying as ATSI or Maori include affirmative action for applicants
aspiring to a surgical career and specific programs from undergraduate through to
specialist training with scholarships, skills and training courses and mentoring [28].

Since the 1980s, there has been gender parity for medical school graduates in
Australasia. However, as is the case internationally, this has not translated to an
equal number of women pursuing a neurosurgical career. According to RACS fig-
ures, there are 276 active neurosurgeons, of whom 39 are women (14%). For the
2020 training year there are 58 trainees of whom 13 are women (22%). The attitudes
of women towards a surgical career was assessed in a recent RACS survey of female
medical students and junior doctors [29]. The “Break Barriers” survey demonstrated
that surgery was popular amongst women, with 47% of respondents selecting sur-
gery as their career preference [29]. However, the respondents perceived three types
of major barriers preventing them pursuing a surgical career. Firstly, they described
cultural issues, particularly negative experiences of surgery during medical school
from peers, lecturers, clinical tutors and surgeons. Secondly, they described struc-
tural issues, including inflexibility and length of the SET program and a need to
finish training quickly to offset the cost of medical school. Thirdly, they described
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personal barriers such as lack of time for dependents, hobbies and leave (travel),
lack of protected time for family and friends and partner career constraints [29]. It
seems likely that programs similar to those developed for other “minorities” will
also need to be instituted for women to enter and complete neurosurgical training if
gender parity is to be achieved.

Flexible Neurosurgical Training

The availability of flexible (part time, less than full time or interrupted) training will
address some barriers described by women, but the desire for flexible training is not
gender specific. Reasons for undertaking flexible training for all genders include not
only parenting and other caring responsibilities but also research and other aca-
demic, sporting and cultural pursuits. Both the RACS and NSA training guidelines
offer flexible training in principle, but the opportunity has not yet been taken by a
neurosurgical trainee, and it is rare in Australasian surgery in general. There is a
significant mismatch between surgical trainees in Australasia registering interest in
part-time training in one study (31.6%; 54.3% women, 25.9% men) and those actu-
ally undertaking part-time training (0.3%) [30]. To pursue flexible training, trainees
must find an employer and supervisor willing to offer a suitable position and apply
at least 6 months in advance for SET Board accreditation. Therefore, despite policy,
institutional and organisational barriers preclude widespread uptake. There are also
genuine clinical and supervisory concerns, including that of compromised patient
care due to frequent handover and reduced continuity of care and reduced operative
experience of part-time trainees compared to their full-time counterparts. Trainees
may also be reluctant to prolong years in training with reduced salary potential [30].
However, an important study describing successful implementation of a permanent
part-time position for a general surgical trainee in a large tertiary hospital in South
Australia directly compared part-time and full-time general surgical trainees and
determined that both groups had similar logbooks and operative experience and all
passed the RACS fellowship examination [31]. This proof of concept demonstrates
that part-time positions may be considered by other surgical specialties. To make
the “principle” a reality will, however, require significant institutional and SET
Board buy-in and facilitation.

Research in Neurosurgical Training

The promotion of research in surgery was one of the founding principles of RACS
in 1926 and a major focus of the early NSA. Although research remains a require-
ment of neurosurgery training, this has been significantly diluted in recent decades.
Historically, there was a genuine emphasis on research in neurosurgery training,
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which in the 1990s included a compulsory year of research, often culminating in a
research higher degree. There was also a strong emphasis on research for accep-
tance into neurosurgical training. Due to concerns that research achievement does
not necessary correlate with surgical competence, both for acceptance into and
completion of training, research in Australasian training has been significantly
reduced. The current minimum requirement is a small project undertaken simulta-
neously with training, rather than during dedicated research years or as part of a
research higher degree. Research in neurosurgery has benefits not only for further-
ing of the profession, but there is an important association between future employ-
ment as a neurosurgeon and the attainment of a higher degree [32, 33]. Additionally,
there is a positive association between the attainment of a graduate degree and
future publication productivity for academic neurosurgeons [34] and attainment of
research funding [33]. The Australasian system is an outlier in this regard compared
with many international neurosurgery training institutions that mandate at least 1
year of full-time research.

Innovation in Operative Training

There has been an increasing focus on operative training and skill acquisition in
surgery, both in terms of structured intra-operative teaching and the use of simu-
lation and virtual reality. Structured intra-operative teaching methods to improve
trainee performance and competency and standardise the operative training
experience have been explored in other surgical specialties [35]. One issue with
operative training is the greatly varied experiences between centres and sur-
geons, leading to varied trainee experience and skill acquisition. An operative
surgery training intervention was undertaken in Australia within an obstetrics
and gynaecology unit, using a surgical encounter template, with briefing, goal
setting and intra-operative teaching aims, as well as debriefing [36]. This struc-
tured intra-operative teaching model was found to be feasible and lead to learn-
ing objectives being met in 85% of cases following the intervention and trainees
reporting clarity of feedback and more surgical opportunities using this
method [36].

Operative skills can also be augmented by the provision of quality simulation
and virtual reality models [19, 25, 26, 37, 38]. With the obvious benefits of practis-
ing surgical technique without patient risk, this adjunct to operative skill acquisition
may also provide benefits for trainees with regard to skills practise at convenient
times and places and individualised focus on an area requiring improvement. In
cardiothoracic surgery, simulation is being widely used for training worldwide, with
some provision of simulation workshops and skills laboratories for SET trainees in
Australia [39]. As technology advances and opportunities for quality simulations
become available, simulation should be considered as an adjunct to future neurosur-
gery training.
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Conclusion

Neurosurgical education in Australasia has evolved from a loose association of sur-
geons trained largely in the United Kingdom and based in single institutions to a
rigorous bi-national training program overseen by the SET Board of the NSA
(selection, curriculum, in-training assessment, accreditation of training posts) and
the RACS (exit examination, principles and standards). Recent areas of focus have
been methods to select excellent trainees, a planned curriculum update and the
trainee experience, particularly as it relates to the practice of rotating trainees
through two or three national or international training posts. Future challenges will
include further improvement of the trainee experience, with reduction of the num-
ber of interstate or international moves, gender and racial diversity of trainees, fos-
tering research and academic neurosurgical practice within training and beyond and
innovative operative training methods.
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Chapter 16 )
Neurosurgery Education Around the
World: Europe

Check for
updates

André Grotenhuis, Katarzyna Swiqtkowska-Wr(’)blewska, Francesco Sala,
and Marianne Juhler

Historical Background

Education and training of neurosurgeons in Europe started more than hundred years
ago and developed, based upon Halsted’s triad of educational principles, namely,
knowledge of the basic sciences, research, and graduated patient responsibility for
the resident [10, 15]. Although these principles have been the essential requirements
of residency training programs for decades, training programs in Europe were orga-
nized rather individually and were often unstructured. From the centers where neu-
rosurgery prospered in the first half of the twentieth century, e.g., Stockholm,
London, Berlin, Wroctaw, Paris, Vienna, Budapest, Bucharest, and Lisbon, it spread
out over the individual European countries but without much of an international
cooperation. This changed in the second half of the twentieth century. From the
ruins of Europe after the Second World War, a profound change started in the way
of thinking and in attitude toward interrelations between European nations, both in
political terms and also in the medical field.

The Treaty of Rome, or officially the Treaty establishing the European Economic
Community, brought about the creation of the European Economic Community
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(EEC). The treaty was signed on March 25, 1957, by Belgium, France, Italy,
Luxembourg, The Netherlands, and West Germany. Under the name “Treaty on the
Functioning of the European Union,” it remains one of the most important treaties
in what is now the European Union (EU).

On July 20, 1958 — 1 year after the treaty of Rome was signed — the representa-
tives delegated by the professional organizations of medical specialists from the six
member countries of the European Community met in Brussels and founded the
European Union of Medical Specialists (UEMS). On the European level, the UEMS
is responsible for the harmonization of the training of medical specialists in the
member states of the EU, and its statutory purpose is the formulation of a common
policy in the field of training [17].

The UEMS has formulated guidelines and criteria (published in the European
Training Charter for Medical Specialist). The UEMS has sections for each specialty.
They have developed specific recommendations to set and maintain standards of
training, training quality, and accreditation of training institutions for the respective
specialty. This aids harmonization of the training level in the EU [17].

With a current membership of 37 national associations and operating through 43
Specialist Sections and European Boards, the UEMS is committed to promote the
free movement of medical specialists across Europe while ensuring the highest level
of training which will pave the way to the improvement of quality of care for the
benefit of all European citizens. The UEMS areas of expertise notably encompass
continuing medical education, postgraduate training, and quality assurance [17].

The idea of a European Union of Neurosurgeons had been discussed already in
Brussels 1957, where the First International Congress of Neurological Surgery was
held. The concept of a European Association of Neurosurgical Societies was dis-
cussed after the Rome meeting 1963 and in Madrid 1967, and a committee was
established with the task of preparing the definitive constitution. The European
Association of Neurosurgical Societies (EANS) was founded in 1971 in Prague, by
delegates from 18 national societies present at the Fourth European Congress of
Neurosurgery. Right from the start, neurosurgical education and its harmonization
within Europe were one of the main objectives, and during the inaugural session of
the foundation of the EANS a training committee was established [9].

EANS national membership has expanded significantly in recent years and cur-
rently includes 39 countries. It represents around 8500 certified neurosurgeons, who
serve a population of about 750 million. The EANS is now involved in all aspects of
neurosurgical training both at preboard certification level and at special interest
training level. For nearly 50 years it has arranged congresses, scientific meetings,
symposia, and workshops, including the now annual European Congress of
Neurosurgery and the European Neurosurgical Training Courses.

Neurosurgery training could be defined as the period during which a trainee will
be exposed to all technical and cognitive aspects of neurosurgical disease, focusing
in the most prevalent and relevant aspects of the brain, spine, and peripheral nerve
pathology and becoming competent in the unsupervised practice of such techniques.
The primary goal of a training program in neurosurgery is to provide the trainee
with a broad theoretical knowledge base, the necessary operative and procedural
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skills and experience, as well as professional judgment for independent neurosurgi-
cal practice. A further goal is to teach him/her self-criticism, critical assessment of
his/her results, and the ability to self-directed learning which will eventually lead to
continued progression, expert practice, and professionalism.

In the Directive 93/16 EEC of April 5, 1993, the European Commission laid
down the general guidelines for improvement of the quality of medical specialist
practice in the EU, EFTA (European Free Trade Association, which is the intergov-
ernmental organization of Iceland, Liechtenstein, Norway, and Switzerland), and
associated member states.

In 1994, the UEMS adopted its Charter on Post Graduate Training aiming at
providing the recommendations at the European level for good medical training.
Made up of six chapters, this Charter set the basis for the European approach in the
field of postgraduate training. With five chapters being common to all specialties,
this Charter provided a sixth chapter, known as “Chapter 6”, where each Specialist
Section was to complete according to the specific needs of their discipline [11, 17].

More than 20 years after the introduction of this Charter, the UEMS Specialist
Sections and European Boards have continued working on developing these
European standards in medical training that reflects modern medical practice and
current scientific findings. It did not aim to supersede the national authorities’ com-
petence in defining the content of postgraduate training in their own state but rather
to complement these and ensure that high-quality training is provided across Europe.
At the European level, the legal mechanism ensuring the free movement of doctors
through the recognition of their qualifications was established back in the 1970s by
the European Union. Sectorial directives were adopted, and one directive addressed
specifically the issue of medical training at the European level [6, 17].

However, in 2005, the European Commission proposed to the European
Parliament and Council to have a unique legal framework for the recognition of the
professional qualifications to facilitate and improve the mobility of all workers
throughout Europe. This Directive 2005/36/EC established the mechanism of auto-
matic mutual recognition of qualifications for medical doctors according to training
requirements within all member states; this is based on the length of training in the
specialty and the title of qualification [17].

Current Status: What Was Accomplished Until Present

At a general training level, the EANS’ main activity is the European Neurosurgical
Training Courses. These consist of four annual courses of 5 days each, covering the
key topics of vascular neurosurgery, tumor, head injury/functional, and spine/
peripheral nerves. Initially, there was one course every year; nowadays, there are
three courses starting every year, with around 240 participants in each of the courses
from all EANS member countries and a small percentage also from outside Europe.
The trainees are selected by their national representative to the training committee.
They start with the course preferably in their second, third, or fourth year of
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residency. The number of attendees per country differs and depends, among other
things, on the total number of neurosurgeons per country.

The whole course cycle takes 4 years to complete, followed by European exami-
nations in neurosurgery. The European examination is mandatory for all trainees
who have completed the 5-year cycle of training courses, at least part one (written
examination), but the vast majority also take part two (oral examination). A candi-
date who receives a passing grade for this examination is granted the European
Diploma in Neurosurgery and become a Fellow of the European Board of
Neurological Surgery.

However, board certification is still regulated by every individual country accord-
ing to their local laws and board examinations organized on a national level. Some
countries, e.g., Switzerland, have decided to make the European examinations man-
datory for their own board certification process. So, the European examination,
although a good attempt for certification of young neurosurgeons in Europe, is not
binding nor significantly adopted in many countries yet.

The Joint Residency Advisory and Accreditation Committee (JRAAC), a joint
committee of the EANS and the Section of Neurosurgery of the UEMS, was founded
by both organizations with the task of developing standards and guidelines for the
European Training Program in Neurosurgery, to establish matching training curric-
ulum and to try to standardize training in the different European countries [5, 16].
However, only 17 neurosurgical departments, from 10 countries, have currently the
European accreditation of their training program.

Although progress has been made in the past few years, the current situation in
terms of the unification of training of neurosurgical residents in Europe has much
work remaining. The diversity of European countries, historical facts, different
nationalities, and languages has caused the diversity and specificity of neurosurgical
schools.

There are currently 50 states in (or partially in) Europe, of which 44 states have
their capital within Europe. All the states, except Belarus, Kazakhstan, and Vatican
City, are members of the Council of Europe. Since 2007, 27 of these countries are
also member states of the European Union (EU). There is no unified model of neu-
rosurgical training program in the EU, and it is also quite different in non-EU coun-
tries [3, 7]. Despite some similarities, the duration of the program, the selection of
new trainees, the number of new recruits, and the manner of their training are spe-
cific for almost every country [7]. Some of the factors currently interfering with
harmonization of neurosurgical training are summarized in Table 16.1.

But there is increasing interest for a more structured training, identifying a mini-
mum level of competence for a neurosurgeon. At the moment, the EANS is develop-
ing a three-stage curriculum, describing the requirements for the training program
director as for the program itself, and the educational setting that should offer a
supportive, academic environment, together with continuous, competency-based
assessment and feedback on performance (Table 16.2). In the first stage, with an
indicative duration of 1-2 years, the program should provide breadth of experience
allowing to develop core clinical and professional skills and early operative skills.
In the second stage, with an indicative duration of 3-5 years, emergency, and
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Table 16.1 Factors possibly interfering with harmonization of neurosurgical training in Europe

Differences in NS training duration [2-10 years]

Yearly acceptance rate to neurosurgery training is widely variable among EU countries
Differences in adhering to the 48 h/week work restriction

Differences in availability of sophisticated equipment (neuronavigation, IONM)
Differences in access to CME

Table 16.2 The three-stage neurosurgical curriculum under development by EANS

Neurosurgery Duration | Goals

training stage

Stage 1 1-2 years | Development of diagnostic and ward-based clinical skills
Learning of basic operative skills and principles

Stage 2 3-5 years | Acquisition of emergency and elective operative skills

Further inpatient and outpatient skills
Team working skills

Stage 3 1-2 years | Full competence in inpatient/outpatient care, multidisciplinary
team working, and elective and emergency surgical care
Development of transferable microsurgical and special interest
skills (subspecialty) skills

elective operative skills, next to further inpatient and outpatient skills as well as
team working skills should be developed. In the third and last stage, with an indica-
tive duration of 1-2 years, there is room for development of specialty interest skills,
and the trainee should achieve full competence in inpatient care, outpatient care,
multidisciplinary team working, and elective and emergency surgical care, finally at
the level of a Day 1 specialist.

National neurosurgical societies should align their programs with those recom-
mendations. In this way, it will be possible to better train neurosurgeons with uni-
form basic programs, even if they are from different European countries. These
would benefit the society, and the licensing of neurosurgeons at the European level
would be simplified [16].

Consistency across national training programs in Neurosurgery, however, may
remain a chimera. There are various reasons for this incompleteness. First, and most
important, the duration of residency programs varies substantially across Europe
with obvious implications in terms of surgical training. In addition, criteria to estab-
lish the demand for neurosurgeons in each country are also largely undetermined
and variable. This is likely due to the fact that different institutional bodies are
responsible for planning the number of new neurosurgeons required in a given time.
In some countries, this is addressed at a governmental level with no clear involve-
ment or consultation of the national, academic, and neurosurgical community, and
this represents an obvious limitation to a rational recruitment plan.

Work Weeks, Department Staffing, and Neurosurgical Training
With the rapid progress in diagnostic and therapeutic possibilities, e.g., introduction
of CT, microsurgery, MRI, neuronavigation, deep brain stimulation, etc.,
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continuous professional education to stay informed about the actual “state of the
art” became mandatory for every neurosurgeon, but it also changed the education
and training of the next generation of neurosurgeons.

In Europe, the introduction of the European Working Time Directive 2003/88/
EC has led to a significant reduction of working hours to first 58 h/week and from
2009 onwards a 48 h/week with distinct and inevitable impact on the exposure of
residents in training to the operative environment [3].

In a survey on neurosurgery resident training in Europe from 2015, Stienen et al.
[12, 13] concluded that the theoretical and practical aspects of neurosurgical train-
ing are highly variable throughout European countries and also that less than 40%
of the >500 responders participate in training programs that adhere to the European
Working Time directive with a maximum weekly working time of 48 h.

Besides these duty hour requirements, increasing expectations about attending
involvement during surgery and new curricular mandates have put programs under
stress to ensure adequate training, in less time, in an environment of limited resident
independence. Unfortunately, the most important element of the Halsted triad, grad-
uated responsibility for patient care leading to the role of the resident as the surgeon,
can no longer be offered to residents as it was in the past due to social and economic
changes in medical care. Thus, the heart and soul of the system of graduate surgical
education has been lost, and a drastic change of education and training of neurosur-
geon became inevitable.

As conceivable consequence neurosurgical trainees finish their residency with
less practical experience or unable or less likely to achieve competency in all areas
of neurosurgery [1, 16]. The number of cases performed by residents has gradually
come below a critical number, and graduating residents feel inadequately prepared
[14] (Fig. 16.1).

This paradigm shift comes in a time of increasing expectations from patients,
who are well informed about modern high-tech developments. Ultimately, increas-
ing societal demands for a safer operating environment and optimized outcomes
must be fulfilled by less-trained future physicians, which stresses the importance of
earlier and more goal-oriented surgical training.

A need for increasing the number of trainees to fulfill daily and on-call staffing
requirements is another consequence of shorter working hours. This adds to the
decrease in number of surgical cases per trainee. In addition, there is an inherent risk
of producing too many certified neurosurgeons compared to European job avail-
ability, and future neurosurgeons trained in Europe may have to rethink their job
options into other areas of the world.

Future Opportunities/Unmet Needs

We must take into consideration that the field of neurosurgery is now expanding at
an exponential rate. The advances made in specialties that, e.g., consider minimal
access (endoscopy, endovascular neurosurgery, minimally invasive spine, and
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Fig. 16.1 Linear prediction plot with 95% confidence intervals (CI), illustrating time trends
(x-axis, year of residency graduation) in annual caseload (y-axis, number of procedures/year) for
European neurosurgical residents. The fitted line indicates a decrease in caseload over time. The
red reference lines indicate the proposed threshold for adequate surgical training, ranging around
275 (250-300) per year and resident. From Stienen et al. [14]

functional neurosurgery) make it virtually impossible to make someone competent
in all of them [2].
There are (at least) three challenges:

The first challenge is to have all subspecialties covered within the specific time that
a society deems necessary to train competent specialists.

The second challenge is to determine the “break point” between required general
knowledge in each field for all neurosurgeons and advanced knowledge and
competencies acquired by neurosurgeons subspecialized in particular areas.

The third challenge is how to verify that competency indeed has occurred at either
the general or the advanced level.

Table 16.3 summarizes some of the key points that might influence the neurosur-
gery training of the future.

Subspecialization

The basis for subspecialization rests on concentration of certain rare cases into fewer
hospitals which creates the necessary “critical volume” for physicians and regional
centers. The principle of “centralization” has already become a reality in some EU
countries and obviously has relevant implications for training programs. For example,
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Table 16.3 Training the neurosurgeon of the future

Subspecialty training integrated in the training curriculum

Certification or licensing through demonstration of competence rather than just by time in
training

Integration of virtual simulation into training

Application of telemanipulated neurosurgery (robotics)

Application of artificial intelligence into practice

the primary institution of a neurological surgery training program may not have suf-
ficient case volume to meet the current case minimum requirements in some areas.
Residents will have to travel to other departments for exposure to cases that are either
less common or more regionally focused (so-called away rotations) [3, 4].

It is not realistic anymore to think that all neurosurgeons can be and have to be
competent in all areas of our field. Therefore, the idea of establishing a three-stage
training program as has now been developed by the EANS with a dedicated 1- to
2-year specialization in the final stage of the training program in one or two areas
becomes not only appealing but probably inevitable!

In an editorial in Acta Neurochirurgica from 2016, Brennum and van Loon [2]
describe this also as a change in the organizational future of neurosurgery: “The
time of the neurosurgical “jack of all trades” is past. The future must be based on
increased sub-specialization and teamwork. Neurosurgery has long surpassed a
degree of complexity where a single neurosurgeon can master the theoretical knowl-
edge and practical skills of all subspecialties at a sufficiently high level. Accordingly,
most neurosurgical units have already implemented sub-specialization, where the
individual neurosurgeons work together as a team to deliver high-quality services.
Furthermore, collaboration between units is called for when dealing with rare con-
ditions. In order to support this sub-specialization a neurosurgical training program
needs to deliver basic neurosurgical training that allows the further development
into subspecialties.”

Credentialed postgraduate subspecialty training therefore becomes more impor-
tant than ever, since we will be publicly claiming that those graduates can practice
that subspecialty in a competent and unsupervised fashion [16].

The last 1-2 years of the three-stage curriculum reminds, to some extent, of the
North American fellowship programs where graduated residents have the opportu-
nity to become subspecialized in a specific area of neurosurgery, through a fully
dedicated clinical and surgical training. Usually, no more than one or two fellows
per year are trained at every accredited institution, and they have operative privi-
leges which warrant them appropriate surgical exposure to increasingly complex
cases. However, this may potentially interfere with the residency training program,
and a careful fine-tuning is needed to adjust the needs of a residency program with
those of postgraduate subspecialization. The European perspective to integrate
these needs into a unique, extended, residency program is therefore promising.
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Surgical training and education will evolve substantially over the next decade in
response to new technologies, regulations, practices, and the changing demograph-
ics and needs of resident education. A variety of different educational strategies and
teaching and assessment methods, each implemented with the aim of updating oper-
ative skills assessment and instruction to maximize teaching opportunities in the
OR, have recently been described in the literature [8] and will lead to modifications
in the current neurosurgery training landscape. Each of these methods varies in
terms of focus and mode of implementation, but they all share a common goal of
maximizing the development of the neurosurgical resident by encouraging profi-
ciency in neurosurgery.

Effective use of these novel educational tools, e.g., training models, simulators,
and virtual reality by surgical educators, may serve to improve the quality and effi-
ciency of intraoperative resident education [2]. Educators and institutions that
embrace these new methods of teaching place themselves in an optimal position to
train the next generation of neurosurgeons. Cooperation on a European level in the
use of such modern teaching techniques will be needed, and it will help to establish
further harmonization of neurosurgical training in Europe.
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Chapter 17 )
Neurosurgery Education Around the
World: Central and South America

Check for
updates

Andrés M. Rubiano, Diana Marcela Sanchez Parra,
Luis Ernesto Ricaurte Arcos, and Rodrigo Ramos Ziiiga

Introduction

The foundation and development of neurosurgery as a specialty and as a training
program in the Latin American and Caribbean region have been influenced by sev-
eral factors, including local and regional trends in public health and educational
policies. In the 1950s most programs started after the return of surgical pioneers
who traveled overseas for additional training in well-stablished services of USA and
Europe. The first policy influence for these pioneers was the so-called Flexner
Report of 1910, which generated a road map for most of the public institutions of
higher education that further develops postgraduate programs in the region. After
this trend, the II Edinburgh Declaration of 1993 also marked a new context for
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curriculum changes not only at these types of institutions but also for private ones,
including clinics and hospitals that develop their own training programs in countries
like Argentina, Brazil, Cuba, Uruguay, and Mexico. These two postulates were gen-
erated with a common goal, which was and is to be able to generate the necessary
conditions and guidelines to optimally educate medical students and future health
professionals in a country [1]. Since the introduction of the medical specialties for-
mat in the early twentieth century, these standards have been maintained for gradu-
ate education in most areas of the region. The local development of academic
programs to train fully competent neurosurgeons was established to share a com-
mon goal while having different mechanisms to achieve it. In the last decade, an
important influence of virtual education and globalization of the curriculums has
allowed the specialty training to evolve into a more complex educational model
with less access to hours of practice and more access to observational programs.
This involves bi-learning models of support for additional competences like research
and subspecialty trainings [2]. With this being the specialty of neurosurgery, one of
the most competitive specialties, and with very few available placements in the
region, our aim is to present a brief historical perspective that will allow for a better
understanding of the context of the current state of the neurosurgical medical educa-
tion in the region. This historical foundation is essential to understand the unmet
needs and future opportunities for the specialty training in the Latin American and
Caribbean region.

Brief Historical Background

Modern neurosurgery as a medical specialty is currently considered in full develop-
ment [3]. It is agreed that its formal birth only occurred during first half of the
twentieth century due to the academic and healthcare contributions of the well-
known pioneers from North America and Europe. Similarly, as the other specialties,
the pathway traveled for the consolidation of neurosurgery as a specialty has evolved
from magical and empirical thinking to formal scientific knowledge. According to
the four evolving periods of the neurosurgery as specialty proposed and presented
by Dr. Jesus LaFuente in the open lecture of the Real Academy of Doctors in Spain
in 2018 [4], the early period was called “diagnosis and prevention.” Between 1885
and 1915 in the Latin American and Caribbean region, there are many anecdotal
events from different medical practitioners developing occasional surgeries of head
and spine with most of them related to trauma and infectious diseases. In Argentina,
for example, Andrés Llobet, in 1885, published one of the early books on surgical
treatment of disorders of the brain with trephination [5], and in 1901, an article
related to cranioplasty procedures [6]. In Colombia, among others, Juan Nicolds
Osorio, in 1866, published local articles related to the management of syphilitic
tumors of the brain and management of brain inflammation after a cranial injury [7].
In Brazil, Luis Gomez Ferreyra described the management of a cranial fracture with
multiple fragment restoration in 1710 and published the case in an early medical
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book in 1735 [8]. Some of these pioneers traveled overseas to achieve more knowl-
edge related to this novel, growing specialty in the USA and Europe. When they
returned, younger physicians came under the new practices as local assistants and
learned these techniques. With increased motivation, these physicians worked to
advance in the field and presented in early medical conferences in different regions
of the world (Fig. 17.1).

The second period has been called by LaFuente, “microsurgery and training,”
and lasted from 1930 to 1970. During this period, the development of microsurgical
techniques evolved with the development of the microscope, the improvement of
anesthetic techniques, the refinement of coagulation techniques, the evolution of
antibiotic therapy, and the development of neuroradiology. This period was the
golden period of development of neurological surgery programs in Latin America
and the Caribbean, being developed by several apprentices of the pioneers, who also
traveled overseas to receive additional training. This training was both theoretical
and practical and exposed the physicians to neurosurgical procedures performed on
a grander scale at academic, university hospitals, and some private centers. During
this period, the teacher-apprentice-patient figure was based on the close and hierar-
chical observation and imitation of the disciple to his teacher with the idea that the
apprentice would take progressive autonomy and assume the teacher’s new role. A
good example of this type of neurosurgeon includes Dr. Fernando Cabieses. He was
born in Mexico but assumed his role as physician in Perd. He did his neurosurgical
residency in the USA in the 1940s and then traveled back to found the Cayetano
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Fig. 17.1 Brief sample of informational sources from the early period of the neurosurgical educa-
tion in Latin American and the Caribbean region. From left to right: Dr. Llobet’s Thesis at
University of Buenos Aires Library from year 1885, Early Medical Journal in Colombia, with
surgical descriptions called Gaceta Médica from the year 1890s and textbook of Dr. Luis Ferreyra
from Brazil in 1735, describing neurotrauma surgical cases in Brazilian slaves. (Images obtained
by authors from original manuscripts in PDF files from Buenos Aires University Library,
Colombian National Library, and Mukharajj Institute Library)
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Heredia University in Lima, in addition to founding neurological surgery services in
at least six of the main hospitals in the Peruvian capital [9]. In 1939, Dr. Alfonso
Asenjo from Chile, after being trained in North America at Johns Hopkins University
under the guidance of Walter Dandy, and in Berlin with Dr. Wilhelm T6nnis, formed
the neurosurgery and neuropathology service in Santiago de Chile. In 1943, he
achieved the creation of the famous Central Institute of Neurosurgery and
Neuropathology, being one of the first private reference centers for training neuro-
surgeons in a large number in Latin America. Later, he linked the Institute with the
Medicine Training Program at the University of Chile, endowing the educational
process with academic rigor [10]. In Uruguay, in 1926, Dr. Alejandro H. Schroeder,
who was trained as a neurosurgeon in Breslau (Poland), began the educational pro-
cess for neurosurgeons training under the Halsted model vision in Montevideo. He
developed a new vision for a neurologic institute with the centralization of patients
and developed an educational training program which demonstrated the relevance
and importance of a reference center [11]. In Brazil, Dr. Alfredo Alberto Pereira
Monteiro, among others, was the first professor to promote neurosurgical training
and published two neurosurgical technical documents in 1937. He and some of the
other Brazilian pioneers began neurosurgical training with the creation of neurology
and neurosurgery services in well-established university hospitals like Hospital Das
Casas and Hospital Das Clinicas. Posteriorly, more neurosurgical training programs
were organized at the Faculty of Medicine in Minas Gerais, the University of Brazil,
and the Institute of Neurology of the University of Rio de Janeiro [12]. In 1934, the
neurosurgical training process started in Cuba with Dr. Carlos M. Ramirez Corria,
who trained in France and who trained the first three local neurosurgeons (Jesus
Melendez, Jorge Picaza, and Francisco Garcia) in Hospital Calixto Garcia in Havana
city [13]. In Colombia, two pioneers, Dr. Alvaro Fajardo, who trained in 1939 at
Columbia University and at Mt Sinai Hospital in New York, and Dr. Mario Camacho
Pinto, who traveled as a “volunteer assistant” in the services of Walter Dandy and
Freeman Watts, traveled back to Bogotd in the 1940s and subsequently created the
academic services in most of the university hospitals in Bogota. Dr. Camacho Pinto
returned to the USA and was formally trained as a resident in the Bellevue Hospital
under the training of Dr. Foster Kennedy in addition to the Presbyterian Medical
Center. After them, many other pioneers were trained in different services. Some of
these include Dr. Alejandro Jimenez (trained with Asenjo in Chile and in Montreal)
(Fig. 17.2), Dr. Salomon Hakim (trained initially in Colombia and then in the
Brigham’s and Women’s Hospital in Boston), Dr. José Mora Rubio (trained initially
in Colombia and then in Sweden), and Dr. Fernando Rosas (trained at the Illinois
Neurological Institute in the USA). Most of these physicians developed different
training programs in the 1960s at the capital city and other cities in the country [14].
In Panama, Dr. Antonio Gonzdlez Revilla trained with Walter Dandy at John
Hopkins, returned to Panama City, and in 1948 created the Institute of Neurology
and Neurosurgery at Hospital Santo Tomas, being one of the initial services to train
neurosurgeons in the country. His first local resident was Mario Bemporad [15]. In
Bolivia, Dr. Mario Michele Zamora, in 1940, graduated with a thesis titled, “Surgical
Treatment of Brain Hemorrhage,” and founded the first neurological surgery service
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Fig. 17.2 Several Latin American neurosurgery pioneers were appointed as ministers of health in
the second period of the development of neurosurgery education in the Latin American and
Caribbean region including countries like Brazil, Argentina, and Colombia. Professor Alejandro
Jimenez Arango (right), Colombian Minister of Health between 1952 and 1953, was a neurosurgi-
cal trainee in Chile, under the mentorship of Dr. Alfonso Asenjo. In the 1940s, after finishing his
training, he returned to Colombia and created the first neurosurgical training programs at National
University and the Military Hospital in Bogota. He was also the developer of the first National
Medical Professional Council, office in charge of validation of medical titles in the country. In
Argentina, Dr. Ramon Carrillo (left) was the first ever Minister of Health, appointed by Juan
D. Per6n in 1946. Dr. Carrillo was trained as neurological surgeon in Europe in the early 1930s and
then returned to Buenos Aires as a cornerstone for the development of the modern healthcare sys-
tem in Argentina. He promoted the construction of more than 234 hospitals between 1946 and
1954, including the development of specialized training institutes and neurosurgical training pro-
grams. (Images courtesy of Dr. Enrique Jimenez Hakim in Colombia and the Health Studies
Institute in Argentina)

in the old hospital in La Paz. Then, Dr. Hugo Rodriguez, trained in Brazil, Chile,
and the USA, returned in 1953 to develop the first neurological surgery service at
the National Hospital in La Paz. Additionally, Dr. Nestor Enriquez, who trained
with Asenjo, was the first professor of neurosurgery at Universidad Mayor de san
Francisco in La Paz [16] (Fig. 17.3).

The third period according to Dr. LaFuente is called “diagnostic imaging” and
occurred between 1970 and 1990. It represented the improvement of equipment and
the development of obtaining brain images. The structural detail level allowed the
recognition of surgical indications in a more significant number. This increased the
number of operations and, therefore, the specialty’s learning curve. During this
period most of the training programs became consolidated in the region, generating
more academic interaction by visiting professors. More educational events were
held at the regional level, and a majority were supported by the local neurosurgical
societies and the regional societies like the Latin American Federation of
Neurosurgical Societies (FLANC) (Fig. 17.4), established in 1981, and the
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Fig. 17.3 Example of pioneers of neurosurgery training programs during the second period of
evolution of neurosurgery in Latin American and the Caribbean region: Alfonso Asenjo, Chile
(1906-1980); Fernando Cabieses, Peru (1920-2009); Ernesto Bustamante, Colombia (1922 -2021).
(Images courtesy of Chilean National Library in Chile, Fernando Cabieses Peruvian Association
from Peru, and the Colombian Association of Neurosurgery in Colombia)

Fig. 17.4 The Latin American Federation of Neurosurgical Societies (FLANC) has played a leading
role in the neurosurgical education in the Latin American region. In 1994, (right picture), FLANC
officers meet in Cartagena, Colombia, during the XXVI Latin American Neurosurgical Congress.
All of them representatives of the third period of neurosurgical educators generation: (From right to
left: Dr. German Pefa (Colombia), Dr. Marco Molina (Honduras), Dr. Fernando Rueda (Mexico),
Dr. Hector Giocoli (Argentina), Dr. Tito Perilla (Colombia), Dr. Jorge Mendez (Chile), Dr. Juan
Mendoza (Colombia), Dr. Armando Basso (Argentina), Dr. Fredy Holzer (Chile), Dr. Cesar
Castellanos (Honduras), and Dr. Manuel Dujovny (USA)). During this period, several neurosurgical
training programs moved in a transformative process where the trainees of the pioneers became lead-
ers of the educational activities, mentoring young generations of future neurosurgeons. The neuro-
surgery program at Universidad del Valle in Cali, Colombia, was an example of this transition
process (left picture). From right to left: (Back row with instructors and visiting neurosurgeons:
Dr. Antonio Montoya, Dr. Gustavo Vasquez, Dr. Carlos Jiménez, Dr. Jorge Aristizabal, Dr. Alfredo
Pedroza, Dr. Miguel Velazquez, Dr. Carlos Llanos, Dr. Iris Montes, Dr. Javier Orozco, and
Dr. Alejandro Herrera. Front row, neurosurgery residents: Dr. Juan Mier, Dr. Juan Rivera, Dr. Juan
Salcedo, Dr. Fernando Peralta, and Ms. Maria Becerra, administrative assistant of neurosurgery).
(Images courtesy of Latin American Federation of Neurosurgical Societies and the Neurological
Surgery Service from Universidad del Valle and University Hospital in Cali, Colombia)

Caribbean Association of Neurological Surgeons (CANS) created in 1973. During
this same period, and associated with multiple changes in political views of regional
countries, there was a move from a public-based educational model toward new
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private training programs. As an example, in Uruguay between 1973 and 1985,
there was a progressive deterioration in the care capacity of the university hospital,
which generated delays in the medical progression of the specialty in the period
1973-1985. Due to this, neurosurgery began in private institutions, which was a
different way of working for departments. With this came the creation of subspe-
cialties. At the end of the 1990s neurosurgery postgraduate training improved. Due
to the crisis in public health, a mandatory neurosurgical residency was introduced
[17]. In Chile, after the military dictatorship in 1973, the country reformed their
health and education systems under the neoliberal philosophy. The change brought
with it administrative adjustments in public health institutions and the development
of private institutions with a public missionary component. This began the limita-
tion of education and training programs access to less resourced populations [18].
In Brazil, there was an explosion of private training programs based on the same
political issues of the region. This allowed for the evolution of traditional models to
new models, with a greater emphasis on research-track training. In 1980, the Sao
Paulo School of Medicine began the programs for training neurosurgeons at the
masters and doctoral levels in Sao Paulo, under the direction of Professor Mattos
Pimienta [19]. In Argentina, the public model remained reinforced until the policies
of military dictatorships ended in 1983. Then, a mixed model allowed the develop-
ment of more private programs. However, with this, the associations wanted more
participation in the national leadership for defining educational procedures. In the
1990s, Dr. Martin Giraldo ensured the local society was recognized by the Argentine
Medical Association, the Secretariat of Public Health of the Nation, and the Province
of Buenos Aires as the primary reference to establish the norms for the accreditation
and control of the practice of the specialty [20]. In Colombia, the same trend was
present, debilitating the public training system. It was impacted by several strikes
by educational unions and the deep social conflict generated by the internal armed
rebel fights and the golden age of the drug traffic business. Social violence was
associated with shortages of funds in education and healthcare at public sector level.
This situation generated a growing opportunity for new private programs mostly
centered in Bogota, as the public programs remain during this period as the only
possibility for training in other cities like Cartagena, Cali, and Medellin [21-23]
(Fig. 17.4). During this time, the only country that did not suffer this transformation
was Cuba, where after the regime change for the actual model, most of the original
programs of the 1970s were reinforced as training programs. The neurotransplant
center (CIREN) was founded in the 1980s, and new services were opened in other
regions different from La Havana. In the 1990s, most of these schools were rein-
forced as training programs for the region, generating an option for students with
economical capabilities. These students came mostly from the Caribbean and the
Andean region and also in specific programs for Venezuelan physicians since the
starting of the actual regime in 1999. These programs have been receiving trainees
from African countries and Middle East [24]. The same trend, but mostly based on
private universities, has been an option for medical students of the region pursuing
a career in neurological surgery in programs of Brazil, Argentina, and Chile, where
more positions are available.
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Current Status: What Was Accomplished Until the Present

The current, fourth period, described by LaFuente as the period of “preservation of
function and improvement of the quality of life,” occupying the end of the twentieth
century and the beginning of the twenty-first century, represents the exponential
growth of diagnostic technologies and innovative management strategies to pre-
serve the patient’s functional state. The best clinical evidence that research resources
can provide is devoted to this. Therefore, the previously inaccessible brain areas
now have fewer limitations. As mentioned in the previous section, the neurosurgery
education process in Latin America and the Caribbean has had significant influence
from the European and North American schools from what is considered the start-
ing point. To date, it has been possible to modify the structure of medical education
aimed at training neurosurgeons, through the formal creation of medical residency
programs linked to universities. Furthermore, the application of the competency
training model, with initial practice scenarios through simulation laboratories, inan-
imate skills training stations, and animated models, has provided opportunities to
become familiar with instruments, improve agility, and provide the student with the
opportunity to gain knowledge of surgical management, techniques, and potential
complications. The student is then permitted to move on to direct patient practice,
with clarity in the principles, focus, and previous experience [25, 26].

The traditional Halsted model, based on three principles of surgical training that
the resident should have, i.e., (a) intense and repetitive opportunities to care for
surgical patients under a trained surgical master’s supervision, (b) the understanding
of the scientific basis for surgical disease, and (c) the management of patients and
technical operations of increasing complexity with greater responsibility and pro-
gressive independence, has been transformed into the competency model. This
requires the teacher to guide and support the young person’s learning in the dimen-
sions of being, doing, and knowing, considering that he or she puts into practice
what is acquired in the teaching and learning process. The six essential competen-
cies that the resident must achieve and master are medical knowledge, patient care,
interpersonal and communication skills, professionalism, practice-based learning
and improvement, and finally a systems-based practice.

This training model aims to have a comprehensive approach that seeks to link the
educational sector with the productive sector. This raises the potential of individuals
with the ability to face the transformations of contemporary society, which is con-
sidered a strength since it seeks to end the existing gap between the world of aca-
demia and the labor market. The strengths of the actual model is the capacity for
internationalization and the possibility of allowing the flow of students and profes-
sionals from one country to another and the validation of degrees and degrees
according to international criteria. However, this model tends to generate certified
students in an accumulation of competencies so that they have efficient and effec-
tive job performances, without reinforcing the humanistic and professionalism
competences required to lead and take difficult decisions in complex surgical cases
in areas were resources are scarce [27, 28].
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To describe the current status of neurosurgery medical residency, we developed
two tables, presenting the sociodemographic characteristics of the countries in the
region according to the income level proposed by the World Bank (Table 17.1) and
also some characteristics of the neurological surgery training programs in the region
(Table 17.2).

Of the 24 countries in the region, some general data was found. Physician den-
sity had a variation from 2.3 to 81.9 doctors per 10,000 habitants, with the lowest
concentration in low-income countries. Health expenditure as a percentage of gross
domestic product (GDP) ranged from 3.22% to 12.19%. The rural population rate
rank from 5% to 73%, as is shown in Table 17.1. It was found that there are more
than 1063 residents of neurosurgery and more than 6637 neurosurgeons in Latin
America and the Caribbean [29-31]. Seventy-six neurosurgery programs were
described in 13 countries in Latin America and the Caribbean, mostly distributed in

Table 17.1 Sociodemographic characteristics of Latin American and Caribbean countries

Income | Country Rural
level population (% | Physicians Density of Health
of the total (per 10,000 neurosurgeons per | expenditure
population) population) 100,000 population | % GDP
Low Haiti 45 23 0.378 5.39
income
Lower Bolivia 31 16.1 3.313 6.86
middle | E] Salvador |28 15.6 0.409 6.96
NCOME | Honduras | 43 3.1 0.540 8.40
Nicaragua |41 10 0.665 8.75
Upper Argentina | 8 39.6 0.843 7.55
middle | Brazil 13 21.4 1.59 11.77
neome | gelize 54 11.2 0.852 6.12
Colombia 19 20.8 0.414 5.91
Costa Rica |21 114 0.840 7.56
Cuba 23 81.9 0.940 12.19
Dominican | 19 15.6 0.720 6.16
Republic
Ecuador 36 20.5 0.622 8.39
Guatemala |49 3.5 0.187 5.82
Guyana 73 7.9 0.130 4.24
Jamaica 44 13.1 0.441 6.07
Mexico 20 224 0.373 5.47
Paraguay 38 13.6 0.396 8.02
Peru 22 12.7 0.862 5.14
Suriname 34 12.2 0.000 6.06
Venezuela | 12 19.2 0.208 3.22
High Chile 12 10.8 1.373 8.53
income | Panama 32 15.6 0.129 7.26
Uruguay 5 50.4 0.965 9.06
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large cities, with little or no coverage of rural areas. Approximately 31% were in
Brazil, 21% in Mexico, and 18% in Central America and the Caribbean.
Additionally, we found no training programs in Haiti and Belize, as shown in
Table 17.2. The approximate duration of neurosurgery programs in Latin America
is 3—6 years, 5 years in most countries. The places with shorter period require prior
training in general surgery and a year of work in a rural environment. In Uruguay
and Costa Rica alone, the training is 6 years, while in Paraguay and El Salvador, it
lasts 3 years. Also, the workload varies in a significantly way; in some countries
such as Venezuela, Brazil, or Colombia, residents work more than 100 hours a
week, while in countries like Argentina and Costa Rica, they work less than
70 hours a week, while in the USA or Europe, where there are specific rules on the
workload of residents [32, 33].

For each country there are guidelines for postgraduate programs not specific to
neurosurgery. There are recommendations from the neurosurgical scientific societ-
ies, and they are not fully integrated with government guidelines. The main ele-
ments in the structure of the training programs were identified in three main aspects,
medical care, educational activities, and research, where significant gaps are evi-
dent in these areas in general, mainly in research, where the language is a signifi-
cant barrier, since most of the available biomedical literature is in English. The
countries of Latin America and the Caribbean speak Spanish, Portuguese, and, to a
lesser extent, English or French [32, 33]. Class presentations and readings were
optional; besides this, there are significant differences in each country’s qualifica-
tion methodology.

Periodic and theoretical evaluations are carried out in most programs, but
there is no overall evaluation system established in most countries. Neither is the
training time. It was found that most residents received payment, supported
mainly by the government and some alliances with the private sector. Salaries
ranged start from USD 5 in Venezuela up to USD 5900 in Costa Rica. The only
country where neurosurgery residents do not receive salary was Colombia; how-
ever, in 2018, a law was created, regulating residents’ payment. To date, this
payment has not yet materialized in all of them. On the other hand, graduate
students in neurosurgery in the Dominican Republic, Chile, Cuba, and Colombia
must pay for their training; tuition payment was reported in Cuba only for for-
eign residents [32-35]. Currently, most fellows are trained in the skull base,
spine, and vascular-endovascular surgery. Less offered are subspecialties like
pediatric neurosurgery, peripheral nerve surgery, trauma, intensive care, and
global neurosurgery. As in other low- and middle-income countries of the world,
there are few subspecialists in these regions. With large, concentrated urban cen-
ters, many patients must travel to other countries to compensate for the lack of
services. Of the programs already mentioned, only four of them include salary
support for the student, including one for skull base surgery in Brazil, one for
pediatric neurosurgery in Chile, and the global neurosurgery and trauma fellow
from Colombia [34, 35].
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Future Opportunities and Unmet Needs

The evolution of neurosurgical education in the Latin American and Caribbean
region has entered into the new era of the global neurosurgery trends. As more pro-
grams become part of international collaborations and as more universities and hos-
pitals become integrated with global knowledge and research networks, a clear
pathway for integration of curriculums is required [36—-38]. Regional and local neu-
rosurgical societies have been supporting these types of activities as the expansion
of new programs fills specific local requirements. Standardized curriculums for sub-
specialty educational tracks and better balance between humanitarian and technical
skills have been identified as key aspects, in order to move to a future that has been
forced by the recent reality of a new world during pandemics [39]. The COVID-19
reality has pushed healthcare systems at the edge, especially in regions like Latin
America and the Caribbean region where workforce and resources are scarce
(Fig. 17.5) [40]. The challenges of moving surgical training into a new paradigm of
virtual education are now a status quo for most of the world training centers
(Fig. 17.5). Basic and advanced surgical skills training requirements has increased
the number of virtual and augmented reality tools into this process, where engineer-
ing and computer sciences skills meet the traditional surgical ones [41, 42]. A recent
forum of the larger universities in Latin America discussed how the “new normal”
will include a modular training system approach where residents can select virtual
credits so long as it fits into a specific curricular design. Several international

Fig. 17.5 The new reality of neurosurgical training during the COVID-19 era has accelerated the
trend of virtual education in surgical careers. New residents and fellows will be exposed to a new
reality of performing surgical procedures with additional occupational risk factors, generating a
larger burden of burnout during training, especially in regions like Latin America and the Caribbean
where human resources and advanced care technology are scarce (right picture). New models of
virtual education supported by educational institutions and specialized societies have arrived to
stay. The new webinars program for neurosurgical education of the Latin American Federation of
Neurosurgical Societies is a good example of this new trend (left picture). (Images courtesy of the
Neurotrauma and Global Surgery Fellowship Program (Meditech Foundation, Cali) and the Latin
American Federation of Neurosurgical Societies)
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universities and hospitals are now offering credits through short virtual programs
fulfilling high academic standards and are available all over the world [43]. The
unmet needs remain. Neurosurgery training opportunities are still a luxury or an
almost impossible pathway for some physicians in the region. Differences between
public education and private ones will be shortened because of the new normal as
virtual education is available for all. North-south collaborations between more-
developed areas and less-developed areas will remain as an important process of
balancing educational needs and offers. New collaborations inside the same region
will create a strong academic process minimizing traveling costs for the students
and preparing them for a more context-based scenario. Educational technology will
decrease the gap for students and teachers in order to be connected to a global neu-
rosurgery environment where we all continue empowering the training of future
neurosurgeons worldwide.
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Chapter 18 )
Neurosurgery Education Around the b
World: North America

Barbara Nettel-Rueda, Stephan A. Munich, Mojgan Hodaie, Sergio Moreno-
Jiménez, and Richard W. Byrne

Introduction

Neurosurgery education in North America has evolved through the years. The
United States and Canada are among the most influencing countries not only in the
field of surgical techniques and evolution of technology applied to the operating
room but also in clinical and basic research. Although Mexico belongs to North
America, it is one of the most influencing countries in Central and South America
in terms of education. In this chapter, we present a scope about the historical back-
ground of neurosurgery education in each country, which is the current status of
neurosurgical training and which are the future opportunities and what needs to be
improved in order for future neurosurgeons to have the best armamentarium to offer
the highest quality of attention to their patients. Every topic is analyzed in each
country since education in either one has particular characteristics.
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Brief Historical Background

Canada

Canada is geographically a very large country, where the vast majority of the popu-
lation is located in the southernmost fringe of land within relative proximity to the
United States border and along the Atlantic and Pacific rims. The northern part of
Canada is much less inhabited, and there is a significant part of the land where road
access is not available. This effectively renders the great Canadian North with sig-
nificant limitations to access to healthcare. Canada is also a new country in histori-
cal terms, having just recently completed its 150th anniversary since its birth. A
third important note about the country of Canada is its bilingual nature. Canada is
thus divided into French-speaking, primarily Québec, and English-speaking Canada.
All of these three factors have significantly influenced the development of our neu-
rosurgical programs.

By all accounts at the first Canadian neurosurgeon was Dr. Kenneth McKenzie,
who left Canada to train with Harvey Cushing in Boston in the 1920s [1, 2]. Upon
his return from Boston, he became the first staff neurosurgeon in Toronto [1]. His
portrait, as painted by the famous Canadian Group of Seven artist Frederick Varley,
still hangs on the walls at the Toronto Western Hospital. Wilder Penfield, the pre-
eminent neurosurgeon, set up his practice in Montreal at the fame; however he was
not at the first Canadian neurosurgeon [2]. Penfield was American by birth and
established himself in Montreal Neurological Institute, where he rose to scientific
fame with his studies of the cerebral cortex and epilepsy [1]. Kenneth McKenzie
returned to Toronto in 1923 and dedicated his work to operating on neurosurgical
cases after 1929. A large number of key figures of the Canadian neurosurgical scene
trained under the hands of Kenneth McKenzie Including Harry Botterell and Charles
Drake [2]. Drake established himself in London on where he masterfully developed
the subspecialty of vascular neurosurgery, operating on very difficult vascular
lesions and in turn training a large number of neurosurgeons who arrived from
around the globe to learn his unique skills [1]. Within a short span of time, neuro-
surgical centers flourished across the country, with key hubs remaining as Toronto,
Montreal, and London. To the West, Calgary and Vancouver have remained as the
major sites of clinical care and academic activity.

The United States

American neurosurgery and, therefore, the education of American neurosurgeons
are most commonly thought to have begun with its father, Harvey Cushing. Yet, the
way in which Dr. Cushing educated is quite different from the way formalized neu-
rosurgical education has evolved. Rather than enroll trainees in a regimented, pre-
scribed residency program, Cushing provided a training comparable to a trade
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apprenticeship. Trainees spent variable amounts of time with him and then “gained
additional exposure to other inspirational educators” [3].

Despite this training paradigm employed by the father of American neurosur-
gery, neurosurgical training and education developed similarly to that of other surgi-
cal specialties — according to the Halsted approach — the familiar, well-structured,
gradually progressive march through a training program. In this way, trainees pro-
gressed through general education in neurology, neuropathology, and neuroradiol-
ogy, with, historically, “at least 24 months as a neurosurgeon” [3]. This was
followed, at the conclusion of residency training, by “practice for 2 years” prior to
board certification by the American Board of Neurosurgery. Formalization of this
method of training occurred in 1953 with the foundation of the Residency Review
Committee [4].

Opposition to this “Halstedian” method of neurosurgical education prompted
Bergland to catastrophize in 1973 in the New England Journal of Medicine (at time
when the United States had 95 approved residency programs and 662 available resi-
dent positions) that “Neurosurgery May Die.” His treatise begins simply with
“Neurosurgery has stopped evolving.” He further argued that while “most trainees
are...capable of generalized practice at a standardized level; few are directed into
neurosurgical subspecialities or neurosurgical research which will lead to neurosur-
gical progress.” Whether it was due this article, or the public discourse that fol-
lowed, neurosurgical training since the 1970s (and particularly in the last two
decades) has emphasized both the pursuit of subspecialty and research interests.
The success of these developments in neurosurgical education may be best illus-
trated through contemplation of one of the replies to Dr. Bergland’s article:

I can visualize that in the not too distant future neurosurgeons will be able to implant visual
receptors into the occipital cortex...or auditory receptors into the temporal cortex...as a
result of the cooperative research in artificial sensory organs. A new subspeciality of neuro-
surgical fetology may be able to diagnose myelomeningoceles in early intrauterine life so
that the embryo or fetus can be removed from the uterus, the deformity corrected, and fetus
returned to the mother before neurological deficit has occurred... [5]

Mexico

In Mexico, from the late nineteenth and early twentieth centuries, neurosurgical
procedures were already performed by general surgeons, although it is not accu-
rately known where some type of neurological surgery was first performed [6].
Neurosurgical procedures have been documented since 1842, with the publication
by Doctors José Maria Terdn and Luis Hidalgo y Carpio on the theme “a case of
skull-brain trauma” in the Newspaper of the Academy of Medicine (sic) and in 1864
the work published by Dr. Luis Hidalgo and Carpio on “Attention of Skull Wounds”
published in the Gaceta Médica [7]. It was the Juarez Hospital of Mexico, founded
in 1847, one of the first centers, where neurosurgery was practiced in a systematized
way [8].
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In the early and mid-twentieth century, specifically in the 1930s, before a formal
residency program began, there were doctors who were already engaged in learning
the practice of neurosurgery. They did so through training in general surgery and
with studies carried out in the area of neurology; this informal training in neurologi-
cal surgery was guided by Dr. Mariano Vdzquez and Dr. Clemente Robles at the
General Hospital of Mexico. They were the ones who after having traveled through
all the surgical disciplines decided to focus especially on the study and knowledge
of the “delicate and difficult techniques of neurosurgery” [9, 10].

From the end of the nineteenth century and the early years of the twentieth cen-
tury, neurosurgery in Mexico was predominantly influenced by European neurosur-
gery, mainly the French, English, and German schools; however, after the first third
of the twentieth century, it began to receive influence from the North American
school, which was increased until it became to be considered the one that has the
most influence in the modern practice of neurosurgery in Mexico [7].

The first neurosurgery department in Mexico was founded at the General Hospital
of Mexico in 1937 by Dr. Clemente Robles Castillo and Dr. Mariano Vazquez
Rodriguez as a neurology and neurosurgery unit [11].

Dr. Clemente Robles Castillo was one of the most recognized physicians, who is
considered the main driver of neurosurgery in Mexico. He began his career as a
general surgeon, where he also made great contributions. Later in his career, in the
area of cardiology he was the one who started cardiovascular surgery. Dr. Clemente
Robles studied neurosurgery in both American and European schools [9, 11].

Medical training through a medical residence was created by the Austrian sur-
geon Theodore Billroth, starting in the second half of the nineteenth century. In
Mexico, the first medical residency program was inaugurated in 1942 at the General
Hospital of Mexico with 20 residents of various specialties [6].

Before 1955, the year in which Mexico began with the first neurosurgery resi-
dency program, neurosurgeon specialists, who had gone abroad for formal special-
ization courses, were already available in the country. That was the time when the
influence of North American neurosurgery increased as most young Mexican doc-
tors went to large medical centers such as the Massachusetts General Hospital,
Johns Hopkins University Hospital, and Mayo Clinic, just to name a few. There
were also those who emigrated South, to carry out their specialization studies, such
as Dr. Marfa Cristina Garcia Sancho, who trained at the Institute of Neurosurgery
and Brain Research of Santiago de Chile and, on her return to Mexico in 1951,
became the first woman neurosurgeon in our country.

The first formal program of neurosurgery residency in Mexico was instituted at
Hospital “La Raza” of the Mexican Institute of Social Security (IMSS) in 1955, and
it was followed in 1960 by the General Hospital of Mexico and Hospital Judrez of
Mexico. Over the years, new neurosurgery schools have been added in the different
health institutions of the country, all incorporated into the National Health Public
Service, summarized in Table 18.1 [12].

In April 1965, the Mexican Council of Neurological Surgery A.C. (MCNS) was
founded, being the second oldest in Mexico. Its founders were Horacio Martinez
Romero, Daniel Gonzdlezy Gonzilez, Jestis Lopez Lira Castro, José Humberto
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Table 18.1 Neurosurgery in Mexico: historical landmarks

Year of creation Hospital

1955 Hospital La Raza, IMSS

1960 Hospital General de México, SSA

1960 Hospital Judrez de México, SSA

1961 Centro Médico Nacional “20 de Noviembre,” ISSSTE

1963 Centro Médico Nacional SXXI, IMSS

1964 Instituto Nacional de Neurologia y Neurocirugia, SSA

1964 Hospital Civil de Guadalajara “Fray Antonio Alcalde,” SSA

1970 Hospital regional “Lic Adolfo Lopez Mateos,” ISSSTE

1970 Hospital Universitario “José Eleuterio Gonzélez,” UANL

1980 Centro Médico Nacional de Occidente, IMSS

1985 Hospital “Angel Leaiio,” SSJ (closed in 2000)

1989 UMAE Hospital No. 25, IMSS

1990 Hospital regional “Ignacio Zaragoza,” ISSSTE (closed in 2003)

1991 Hospita Central Sur de Alta Especialidad, PEMEX

1994 Hospital Regional “Valentin Gomez Farias,” ISSSTE

2011 Hospital Central Militar, Colegio Militar

2012 Nuevo Hospital Civil de Guadalajara “Juan I. Menchaca,” SSA

2012 Centro Médico Adolfo Lépez Mateos, ISEM

2013 Hospital Regional 1° de Octubre, ISSSTE

2015 Hospital General 450, SSA

2016 UMAE 71 Centro Médico Nacional Torre6n, IMSS

2017 Instituto de Seguridad Social del Estado de México y
Municipios, GDEM

IMSS Instituto Mexicano del Seguro Social, SSA Secretaria de Salubridad y Asistencia, ISSSTE
Instituto de Seguridad y Servicios Sociales para los Trabajadores del Estado, PEMEX Petrdleos
Mexicanos, ISEM Instituto de Salud del Estado de México

Mateos Gémez, Ignacio Olivé, Clemente Robles, Manuel Velasco Sudrez, Ramén
del Cueto, Humberto Guzman West, Juan Cardenas y Cardenas, José Maria Sanchez
Cabrera, and Francisco Gomez Méndez, all of them well recognized neurosurgeons
at that time. In 1995, the National Regulatory Committee of Medical Specialty
Councils A.C. (CONACEM for its acronym in Spanish) was conformed. This is a
tripartite instance that is made up of the Medicine National Academy of Mexico, the
Mexican Academy of Surgery, and the Group of Medical Specialty Councils. The
CONACEM is responsible for issuing both certification and recertification diplo-
mas that need renovation every 5 years [13, 14].

Each of the neurosurgery specialization programs are endorsed and recognized
by a public university and the Mexican Secretariat of Public Education (Table 18.2).
In 1992, the National Autonomous University of Mexico designed the Single Plan
of Medical Specialties (PUEM for its acronym in Spanish) which came into force in
1994 and currently serves as a pedagogical model for the training of specialists
throughout the country. Both the MCNS and PUEM ensure the systematization of
academic programs, verify that they are met, and monitor that headquarters have the
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Table 18.2 Subspecialty training programs in Mexico with university endorsement

Course/duration Headquarters University
Skull base surgery Centro Médico Nacional UNAM
Endoneurosurgery/1 yr “20 de Noviembre”
Instituto Nacional de Neurologia y UNAM
Neurocirugia
Spine surgery/2 yr Centro Médico ABC UNAM
Centro Médico Nacional UNAM
“20 de Noviembre”
Hospital Central Sur de UNAM
Alta Especialidad
Hospital de Traumatologia y Ortopedia UNAM
“Lomas Verdes”
Hospital General Villa UNAM
Hospital Judrez de México UNAM
Hospital Regional UNAM
“1° de Octubre”
Hospital Regional de Alta Especialidad de UNAM
Ixtapaluca
Instituto Nacional de Neurologia y UNAM
Neurocirugia
Instituto Nacional de Rehabilitacion UNAM
Hospital de Traumatologia “Victorio de la UNAM
Fuente Navarro”
Hospital Civil “Fray Antonio Alcalde” * UDG
Hospital General de México UNAM
ISSSEMYM Centro Médico de Ecatepec UNAM
Epilepsy surgery/l yr Instituto Nacional de Neurologia y UNAM
Neurocirugia
Neuro-oncological surgery/1 yr Instituto Nacional de Neurologia y UNAM
Neurocirugia
Instituto Nacional de Cancerologia UNAM
Functional and stereotactic Centro Médico ABC/Instituto Nacional de UNAM
neurosurgery/1 yr Neurologia y Neurocirugia
Centro Médico Nacional UNAM
“20 de Noviembre”
Hospital General de México UNAM
Vascular neurosurgery/1 yr Centro Médico Nacional UNAM
“20 de Noviembre”
Instituto Nacional de Neurologia y UNAM
Neurocirugia
UMAE Hospital de Especialidades CMN UNAM
SXXI
Radiosurgery/1 yr Instituto Nacional de Neurologia y UNAM
Neurocirugia

UDG Universidad de Guadalajara, UNAM Universidad Auténoma de México, UMAE Unidad
Meédica de Alta Especialidad, ISSEMYM Instituto de Seguridad Social del Estado de México y
Municipios, CMN SXXI Centro Médico Nacional Siglo XXI

2'Will start in 2021
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Table 18.3 Neurosurgery pediatrics and endovascular training programs in Mexico

Duration
Course (years) Headquarters University
Neurologic endovascular |2 Hospital Universitario de Nuevo Leén | UANL
therapy Instituto Nacional del Neurologia y UNAM
Neurocirugia UNAM
Hospital Judrez de México
Pediatrics neurosurgery 2 Hospital Infantil de México UNAM
Instituto Nacional de Pediatria UNAM
Hospital de Pediatria CMNSXXI UNAM

UANL Universidad Auténoma de Nuevo Leon, UNAM Universidad Nacional Auténoma de México

minimum necessary infrastructure to comply with the curriculum of the specializa-
tion course. This guarantees that neurosurgeons who train in Mexico, regardless of
the institution where they carry out their residency program, have the same aca-
demic opportunities.

From 1991 the National Graduate Quality Program (PNPC for its acronym in
Spanish) was instituted by the National Council of Science and Technology
(CONACYT for its acronym in Spanish) and a branch of the Secretariat of Public
Education. The PNPC, in addition to recognizing the quality of the specialization
courses, grants scholarships to resident physicians [15].

In 1999, the courses of pediatric neurosurgery (PedNc) and neurological endo-
vascular therapy (NET) were recognized as subspecialties of neurosurgery
(Table 18.3). They have their own PUEM and graduates process. At present there
are three locations to study PedNc’s residence and also three locations to carry out
NET’s residence.

Current Status: What Was Accomplished Till Present
Canada

As of September 2020, there are 14 neurosurgery training programs throughout
Canada with less than 20 residents accepted every year. Most programs accept 1 or
2 residents per year except for Toronto, the largest program which on average has
greater than 30 residents and accepts approximately 4 residents every year.
Neurosurgery residents do not need to complete a year of general internship and
apply instead directly into a program from medical school. Training is of 6 years
duration, of which 1 year at least is dedicated to research. Frequently this year is
extended toward the pursuit of a graduate degree — either a master’s or PhD. A
requirement for the completion of residency includes the Royal College of
Physicians and Surgeons of Canada examination. The Royal College of Physicians
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and Surgeons of Canada is the body overseeing Canadian subspecialties (http://
www.royalcollege.ca/rcsite/home-e). It was established in 1929, and eventually in
1945 it included a subspecialty committee of neurosurgery. One of the key features
of Canadian neurosurgery is that training is highly centralized. This means there are
many university hospitals where neurosurgery is not available and certainly there is
a dearth of community hospitals with neurosurgery services. This directly relates to
the population of Canada access to care and a socialized health structure that pre-
vents or mix prohibitive the availability of new research a neurosurgery service in
small community hospitals. The implication of this is that patients at times need to
travel to seek a neurosurgeon, and this results in a significant new surgery workload
issue with the sizable backlogs and waiting lists.

Despite its size, Canadian neurosurgery has been an important force in academic
neurosurgery. The University of Toronto has routinely ranked in the top of research
papers per year, competing only with UCSF in this category [16]. Neurosurgery
residents in Toronto take the opportunity of participating in the surgeon-scientist
program which allows integrated and protected research time for the completion of
a graduate degree during residency. The vast majority of Toronto residents therefore
remain within academic neurosurgery with careers that span clinical work and
include basic science research. Key figures in this area include Charles Tator (spinal
cord injury), Charles Drake (vascular neurosurgery), RR Tasker (functional neuro-
surgery) [17], James Rutka (pediatric neurosurgery), and Michael Fehlings (com-
plex spinal neurosurgery), all of which have trained in Toronto and hold up important
international notoriety in their subspecialty fields, both in research and international
organizations.

Academic neurosurgery requires subspecialty training at which is directly linked
to fellowship training. Subspecialty fellowship training is therefore a key compo-
nent in the large academic sites such as Toronto, Montreal, London, Calgary, and
Vancouver. Neurosurgery in French-speaking Canada is primarily concentrated in
Québec with sites such as Université de Montreal, Université de Sherbrooke, and
Université Laval. For those in French Canada, Royal College examinations are
taken in French.

A key feature of neurosurgery training in Canada is successful completion of the
Royal College Fellowship examinations. These exams, consisting of 2 days of writ-
ten examination followed by an oral exam, are necessary for all Canadian neurosur-
geons prior to independent practice.

Fellowship training in subspecialty neurosurgery is widely available in Canada
and is primarily offered based on the subspecialty strength and caseload of the hos-
pitals. The Toronto Western Hospital, for instance, hosts approximately 12 fellows
each year, in a variety of subspecialty fields such as functional, vascular, neuro-
oncology, skull base, and spine subspecialties. The components of a strong resi-
dency program, high volume of cases, and a rich fellowship program with broad
international representation result in a dynamic environment focused on excellent
patient care and clinical and research advances in the field.


http://www.royalcollege.ca/rcsite/home-e
http://www.royalcollege.ca/rcsite/home-e

18 Neurosurgery Education Around the World: North America 263
The United States

From 2000 to 2018 the number of neurosurgery residency training programs in the
United States increased from 100 to 115. This resulted in an increase in the number
of trainees from 1112 to 1462. This increase in resident complement was paralleled
by an increase in the mean number for neurosurgery faculty per program from 5.6
to 17.5.

The last decade of neurosurgical training in the United States has seen many
changes designed to both improve standardization while also permitting opportuni-
ties to pursue individual interests. In 2009, the PGY'1 year was incorporated fully
into all American neurosurgical residency (whereas it previously had been consid-
ered a preliminary training year under the purview of general surgery). In 2010, the
Society of Neurological Surgeons introduced boot camp courses for incoming
PGY1 residents, with the stated goal of teaching “a systematic core of skills”
(Table 18.4) [18]. This boot camp course has been expanded since to include another
course for residents in the beginning of their PGY?2 year.

Beginning in 2019, PGY?2 residents are administered a written exam of surgical
anatomy. They are permitted to take the exam three times and ultimately must attain
a 100% score. The intention of this is increase the focus toward practical and rele-
vant neurosurgical knowledge. This sentiment is also reflected on the written board
exam (that must be passed prior to the chief year of residency) — recently, exams
echo a move toward practical neurosurgical knowledge and away from esoteric,
pedagogic questioning.

Another change designed to standardize the training within American neurosur-
gical programs was the introduction of the Milestone program in 2012. The
Milestone program was an ACGME initiative designed to “create a logical trajec-
tory of professional development in essential elements of competency and meet
criteria for effective assessment...” [19]. The categories of Milestones include
patient care, medical knowledge, systems-based practice, practice-based learning

Table 18.4 Content of didactic and procedural sessions at PGY | neurosurgical boot camp

Didactic session topics Procedural session topics

Unstable neurosurgical patient Ventriculoperitoneal shunt tap
Intracranial pressure management Lumbar puncture, lumbar drain insertion
Emergency cranial radiological assessment Intracranial pressure monitor placement
Emergency evaluation/management of External ventricular drain placement
hydrocephalus patient simulator

Neurological and neurotrauma assessment Cervical spine traction and reduction
Emergency spinal radiological assessment Cranial fixation and positioning basics
Professionalism, supervision, pearls Spinal positioning basics

Making the incision Basic neurosurgical instrumentation
Patient safety and communication Lines: Central venous, arterial




264 B. Nettel-Rueda et al.

and improvement, professionalism, and interpersonal and communication skills
[20, 21]. Milestones progress through Levels 1 to 5, with Level 4 being the goal for
graduation from residency and Level 5 being subspecialty fellowship-level goals.
Implementation of the Milestone program resulted in identification (and design of
individual improvement plan) of struggling residents, revision of residency curri-
cula based on identified training gaps, and an increase in the number of logged cases
among residents [22, 23].

In 2014, the American Board of Neurological Surgeons mandated implementa-
tion of 84 months (7 years) of postgraduate training. Prior to this mandate, 80% of
neurosurgery training programs were already 7 years, while 20% were 6 years in
duration. While the length of training was standardized, this mandate also served to
foster the pursuit of individualized interests since this training period invariably
included at least 1 year of protected research time. During this time, US residents
have pursued basic science research, clinical research, subspecialty fellowship
training, and advanced degrees (e.g., masters of business administration, masters in
public health).

In an effort to combat physician burnout, over the last two decades there has been
increased attention given to resident wellness [24]. The first major change with this
in mind was the establishment of the 80-h workweek for trainees across all medical
and surgical specialties, including neurosurgery, by the ACGME. In addition to a
strict mandate of less than 80 h work per week, trainees were no longer permitted to
work more than 24 h per shift and were mandated to have 1 day without patient care
responsibilities per week [25]. Since that time, more attention has been given not
just to work hour restrictions but also to the concept of “wellness,” which is meant
to “emphasize that psychological, emotional, and physical well-being are critical in
the development of the competent, caring, and resilient physician” [26]. While the
benefits (or detriments) of work hour restrictions remain a subject of debate [27-29],
the implementation of resident wellness programs is becoming more prevalent as
the success of these programs on trainee well-being is realized [30, 31].

In addition to training at the resident level, changes have been made to the pro-
cess of board certification. Recently, the American Board of Neurological Surgeons
changed oral board certification to include review of the candidates own surgical
cases. In this way candidates are evaluated according to their own practice and not
exclusively according to hypothetical cases.

Mexico

All neurosurgery residency programs in Mexico consist of 6 years of preparation:
1 year of general surgery plus 5 years of neurosurgery. The process for a surgeon
physician, national or foreign, to enter the specialty of neurosurgery will take sev-
eral mandatory and systematized steps; it is a single process that is followed, regard-
less of the educational institution to which the candidate will apply. This process has
changed over the years, but at present time the steps to be followed are summarized
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in Fig. 18.1. The approval of the National Examination of Medical Residence
Applicants (ENARM for its acronym in Spanish) will allow the applicant to enter
first the specialty of general surgery from which he may be referred to neurosurgery
by a selection exam and an interview.

Once neurosurgery training is finalized, the new neurosurgeon may choose to
continue with a subspecialty in pediatric neurosurgery or neurologic endovascular

General Practitioner

Graduated
ENARM
1 year of General
Surgery
Selection
Exam
5 years of Council Certification/
neurosurgery Professional license
Selection Selection
Exam Exam
Subspecialty in PedNC or High Specialty
TEN Course

Council Certification/
Professional License

Fig. 18.1 Neurosurgical training process in Mexico flowchart. ENARM Examen Nacional de
Aspirantes a Residencias Médicas (National Examination of Medical Residence Applicants),
PedNC pediatric neurosurgery, TEN neurologic endovascular therapy
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therapy for two more years; at the end a subspecialty license is granted (Table 18.2).
Neurosurgeons who do not choose to continue in a residency program for subspe-
cialty but aspire to expand their preparation in a specific area have the option to take
a high specialty course; most of these courses have a minimum duration of 1 year,
except the high specialty course in spine surgery, which lasts for 2 years without
being given a specialist license as a spine surgeon (Table 18.3). There is also the
option to hold diplomas on different disciplines, which, unlike high specialty
courses, are usually shorter in duration.

In all headquarters neurosurgery programs, PUEM consist of four subjects on
which the curriculum is based; these are healthcare seminar, healthcare work,
research seminar, and education seminar. It also contemplates a course of experi-
mental surgery or microsurgery, complementing the training of the resident. All
headquarters allow their residents to leave the country to do an observer training
lasting on average 3 months [32].

Regarding pediatric neurosurgery and neurological endovascular therapy, the
admission process is similar to that of medical residency. Each of the courses lasts
for 2 years, and the graduate is examined by the Subspecialty Council for
Certification.

There are 20 resident training locations in the country, half of them are in Mexico
City. Of the remaining ten locations, four are in Guadalajara (Jalisco), two in
Monterrey (Nuevo Leoén), two in Toluca (State of Mexico), one in Durango
(Durango), and one in Torreén (Coahuila).

The operational program of 17 of the 20 locations was reviewed to analyze the
current status of the specialization courses. Three locations declined their participa-
tion or did not submit their program on time. Each venue has a full professor of the
course and two or three adjunct teachers. Physicians attached to each neurosurgery
department participate as assistant or guest professors.

For the analysis of academic programs, a review of the PUEM guidelines of each
of the universities was initially carried out. Table 18.5 summarizes the points that
were evaluated for each of the programs with the number and percentage of venues
that meet each of them.

All 17 locations accomplished the seminar on healthcare and healthcare work,
while the research and education seminars are accomplished only by 94% and
52.90%, respectively. Although there is a deficiency in compliance with basic sub-
jects, however, regarding specific issues of neurosurgery, most of the trunk and sub-
specialty areas are met by all the programs. In all the revised venues residents have
active participation in monographic sessions; however, the sessions that are pro-
vided for case discussion are accomplished in only between 52 and 84% of the
venues. Only 13 of the 17 locations have a training program in microsurgery and/or
experimental surgery. All locations are high-volume patient care centers, so neuro-
surgical practice is guaranteed.

A recent survey by Yoshua Esquenazi MD PhD showed that in Mexico 76 out of
130 (58.4%) neurosurgeons who responded to the survey have performed an over-
seas rotation, mainly to the United States or Germany, and all of them underwent a
local rotation. The working hours were 60-80 in 20 neurosurgeons (15.4%),
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Table 18.5 Neurosurgery training in Mexico: academic subjects and rotations compliance

Subject Hospitals %
Basic seminars (PUEM)

Healthcare seminar 1717 100%
Healthcare work 17/17 100%
Research seminar 16/17 94%
Education seminar 917 52.90%
Rotations

Lessons according year of 17/17 100%
residency

National rotations 16/17 94%
International rotations 1717 100%
Basic subjects

Anatomy/physiology/ 17/17 100%
embryology

Neurology/neurological 17/17 100%
exploration

Neuropathology 17/17 100%
Pharmacology 8/17 47.05%
Intensive care 917 52.90%
Neuroradiology 15/17 88.23%
Specific areas training

Pediatric neurosurgery 1717 100%
Neuro-oncology/skull base 17/17 100%
Vascular neurosurgery 17/17 100%
Spine neurosurgery 1717 100%
Trauma neurosurgery 17/17 100%
Functional neurosurgery 16/17 94%
Stereotactic radiosurgery 12/17 70.58%
Discussion sessions

Monographic sessions 17/17 100%
Clinical and surgical sessions | 14/17 82.35%
Bibliographic sessions 15/17 88.23%
Morbi-mortality sessions 917 52.94%
Experimental surgery/ 13/17 76.47%
microsurgery

High volume hospital 17/17 100%

PUEM Plan Unico de Especialidades Médicas (Single Plan of Medical Specialties)

80-100 in 59 (45.4%), and more than 100 in 51 (39.2%) during residency. The
teaching hours reported per week were less than 1 by 3 neurosurgeons (2.3%), 1-3
by 21 (16.2%), 3-5 by 55 (42.3%), 5-10 by 48 (36.9%), and more than 10 by 3
(2.3%). Only 17 (13%) neurosurgeons experienced a research exclusive time during
the residency (information provided by Yoshua Esquenazi).
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Future Opportunities and Unmet Needs

Canada

The future of neurosurgery includes continued excellence in training, as well as
greater incorporation of tools such as surgical simulation, cadaveric labs, and virtual
training methods. These will be of particular value in the setting of preparation and
teaching of complex, rare procedures, and fellowship level training.

The United States

Neurosurgery is one of the most rapidly evolving fields in medicine. Within a gen-
eration of neurosurgeons, endovascular techniques have emerged (and expanded) as
a means to effectively treat cerebrovascular pathology. Minimally invasive spine
surgery is often replacing more extensive surgical procedures, and deep brain stimu-
lation has offered hope to those with previously inevitably progressive neurodegen-
erative (and, even more recently, psychiatric disorders). As such, it is imperative that
the training of American neurosurgeons similarly evolve.

However, this begs the question — will “new” trainees adequately develop the
“old” skills? As more aneurysms are coiled rather than clipped, will trainees finish
their residency with the skills to safely and effectively clip an aneurysm? As more
spine surgery is performed through minimally invasive techniques, will residents
have the same understanding of spinal anatomy that is gained through the visualiza-
tion afforded by open techniques?

One potential way to address these future training gaps is through surgical simu-
lation [33-35]. Surgical simulators are becoming more prevalent, sophisticated, and
affordable, making them reasonable ways to confront this issue. It will be critical
for neurosurgical training programs to ensure that these skills do not become “a
lost art.”

Mexico

In neurosurgery residency programs in Mexico, there are still many opportunity
areas that can be opened to improve the quality of education that Mexican residents
receive. While it is true that all the headquarters hospitals where Mexican residents
are trained guarantee a high volume of patients to be able to train them, the truth is
that not all the facilities develop all areas of neurosurgery despite the fact that they
have highly trained neurosurgeons among their staff. Most of the time this is due to
the lack of infrastructure and technology; however, this weakness has been dealt
with by allowing residents to visit other facilities either in the same country or
abroad where they can complete their training.
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In the review of the academic programs that we carried out, it was observed that
there is quite a homogeneity in them, all covering the basic areas for training resi-
dents. Notwithstanding, it is striking that the microsurgery training program is not
covered in all the venues. A microsurgery course is a fundamental subject for the
training of a specialist in which more than 80% of the surgeries performed are under
the use of a microscope, so this is an unmet need that should be improved not for the
future but in the short term.

Even though all the venues comply with a research seminar in their academic
programs, the actual practice does not designate a specific time for clinical o basic
research, so residents do not get involved in research trails in a regular way, being
this an unmet need that is important to fulfill.

None of the PUEM in neurosurgery contemplates within the training program the
practice of surgical approaches and dissections in anatomical specimens (cadaveric
lab) nor are there programs for practice in surgical simulators, which have been
shown to be useful in other countries where the training hours for residents have been
reduced and consequently so do are the hours spent in the operating room. In Mexico
these situations have not yet occurred (reduction of working hours per week); none-
theless, what is certain is that the resident will not arrive at the operating room to
practice microsurgical techniques or surgical approaches, or both, in the patient itself.
We found here another unmet need that should be solved in a short-term period,
opening the opportunities for neurosurgery residents to have a safe way to improve
surgical skills avoiding an increased risk for the patient and legal issues [36, 37].
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Part 111
The Economics of Neurosurgery

Isabelle M. Germano

This Part of the book is focused on analyzing a few aspects of economics that influ-
ence neurosurgery globally. Economics is the study of how humans make decisions
in the face of scarcity. These can be individual, family, business, or societal deci-
sions. Scarcity is a fact of life and has no geographical boundaries. Scarcity means
that human needs for goods, services, and resources exceed is the resources avail-
able. Resources such as labor, tools, land, and raw materials are necessary to pro-
duce the goods and services we want, but they are all, to some extent, limited in
supply. Therefore, every society, at every level, must make choices about how to use
its resources and how to prioritize its choices.

It is important to underscore the difference between economics and business.
Based on an understanding of economics, a business can decide what products to
produce and how best to make the enterprise prosper. Medicine and neurosurgery
are both an art and a science. The art is the know how to care for our patients. The
science is the know how to treat specific conditions based on evidence. However,
especially in recent years, we also need to take into account a third sphere: business.
Business is the know how to pay/get paid for the services provided. All three of
spheres- the art, the science and the business- need to coexist and balance for our
field to stay level and prosper.

This Part of the book will introduce and review fundamental aspects of the eco-
nomic forces shaping neurosurgery globally. The study of economics helps us
understanding the major forces influencing our economy. It provides theories, mod-
els, and tools helpful to use when seeking a solution to an economic problem.
Economics does not provide the answer to the problem rather it provides the tools
to find an answer, or, ideally, multiple possible solutions.

In Chap. 19, we will define the neurosurgery enterprise and review its stakehold-
ers. This will allow a deeper understanding of the economic forces that can influ-
ence decisions important to our field. It is key for a neurosurgeon to be aware of
such forces to understand how best to leverage them when caring for their patients,
in order to enhance the art, the science, and the business of their practice.

Part of the science of being a neurosurgeon is not only the ability to treat our
patients according to scientific evidence but also to advance the field with discovery.
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Since our field is heavily dependent on technology, neurosurgeons are best posi-
tioned to understand the unmet technological needs and create the scientific solu-
tions to meet such needs. It is important to note that, by and large, technological
advances result in safer/better care and possibly in lower care costs. Chapter 20
reviews some of the steps required to navigate this path and presents successful
examples of neurosurgeons on different continents who were able to develop tech-
nology that has had a global impact.

In the last decade, through unprecedented technological advancement, digital
technology has become a crucial component of many industries, including medicine
and neurosurgery. Some of the digital solutions are more cost-effective than ever.
Due to the widespread use of computer technology worldwide, digital solutions are
readily available to most. Chapter 21 reviews some of the concepts of digital tech-
nology, how these are pertinent to neurosurgery, and how they can enhance
education.

Nonprofit institutions and foundations constitute a fundamental force influenc-
ing medicine. These private entities often serve as a link between healthcare provid-
ers/patients and government/industry by providing bridging funds and/or education
necessary to initiate important programs. Partnerships between private foundations
and government/industry allow us to better align available resources to address
some of the unmet needs and to provide progress in delivery of care. Chapter 22
reviews the history, current work, and future direction of nonprofit and academic
institutions in global neurosurgery. Collaboration is the central theme for the devel-
opment of impactful and sustainable global neurosurgery with academic and non-
profit partnerships.

The government represents a central force in any economy around the world. To
address topics common across the globe, representatives from 193 countries, mem-
bers of the United Nations (UN), meet to find shared solutions. The World Health
Organization (WHO) is the health technical arm of the UN. The WHO is involved
in many health-related projects including surgical care and anesthesia requirements.
In neurosurgery, the ability to readily and safely treat traumatic brain and spine
injuries are at the top of the list for global unmet needs. Chapter 23 reviews several
other aspects of neurosurgical care included within the scope of the WHO.

More than ever before, the uncertainty due to the Covid-19 pandemic has
impacted all global market sectors. As first remarked by Kenneth Arrow, recipient
of Nobel Prize in Economics in 1972 and one of the founders of healthcare econom-
ics, uncertainties affect health care more than other industries. The COVID-19 pan-
demic started ot disrupt the globe in 2020. Its full impact on global neurosurgery
still remains unknown. Neurosurgery globally has been affected in many ways,
including case prioritization, workforce redistribution, pre- and intraoperative
safety, and the development of new technology. Research training and publications
were also significantly affected. Chapter 24 reviews these changes and assesses how
these will impact the future of our field.



Chapter 19

The Neurosurgery Enterprise and Its
Stakeholders

Check for
updates

Kurt Yaeger and Isabelle M. Germano

Introduction

With the heavy clinical responsibility as a practicing neurosurgeon, neurosurgery
resident, or other healthcare provider, it can be easy to overlook the many complex,
interlocking parts that allow a neurosurgical organization to function smoothly in the
delivery of surgical services, both locally and worldwide. Standards for surgical
technique, quality of care, and patient safety apply to all neurosurgeons regardless of
environment, cultural content, and socioeconomic status. From the rural primary
care hospital to the technologically advanced, urban subspecialized practices, and
anywhere in between, practicing neurosurgeons have to conform to such standards
and are thus influenced by economic forces that shape our field. Key stakeholders in
the current healthcare delivery model worldwide include, but are not limited to, hos-
pitals, state and local governments, pharmaceutical and technological industries,
insurance companies, and other externalities. On the direct care delivery level, pro-
viding safe and efficacious care in neurosurgery depends on many healthcare provid-
ers beside the neurosurgeon, including anesthesiologists, nurses, therapists, and more.

Practicing neurosurgeons, trainees, and other providers within any institutional
structure around the world can take for granted the complexity of the neurosurgical
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care delivery dynamics. While performing brain and spine surgery and other neuro-
surgical procedures is key to directly improving patient health on the individual
level, it is the end product of what a complex neurosurgery enterprise has been built
to deliver. It is important to understand not only the different stakeholders in this
model but also the organization of the neurosurgery enterprise in order for the
healthcare providers to best offer neurosurgery services in any setting, including
those with limited resources.

Defining the Neurosurgery Enterprise and Its Complexity

The neurosurgery enterprise can be defined as an organization whose specialized
purpose is the delivery of surgical care for patients with neurological disorders.
Table 19.1 outlines several complexities of neurosurgical care that can complicate
delivery.

Due to the range of complexity of pathologies and procedures, the neurosurgery
enterprise is oftentimes part of a larger medical institution rather than a stand-alone
independent facility. Neurosurgical procedures vary from minimally invasive such
biopsy, cyst/abscess drainage, embolization, or ablation to complex procedures
such as brain tumor resections and spine instrumentation. Overall, the neurosurgery
enterprise has many defined personnel specialized for the different components of
the delivery of such care, with some outside the surgical management. These include
but are not limited to anesthesia, pathology, neurology, radiology, and radiation
oncology. While surgeons and other neurosurgical providers enact direct patient
care, they are employed by the larger healthcare institution that may have a financial
directive. This institutional incentive may impede the provider to care for each

Table 19.1 The neurosurgery enterprise and its complexity

Element Complexities

Neurosurgeon | Works are part of multidisciplinary team to directly affect patient outcomes.
Part of an institution with nonclinical administration and a business objective

Healthcare Must maintain financial solvency in order to continue providing care to patient
institution populations. Profits allow for expansion to help different communities
Government Regulatory oversight for drugs, devices, and procedures. Provides healthcare

coverage for disenfranchised patients. Often negotiates with healthcare
institutions over costs and quality standards

Equipment Technology for neurosurgical interventions range from basic (ventilator,
microscope) to more sophisticated (intraoperative image guidance, augmented
reality). Different institutions have ranges of technological capacity. Often
dependent on supply chain dynamics

Care delivery | Pre- and postoperative care is as important as the surgical intervention itself to
ensure successful outcome. Reliant on ancillary staff and other healthcare
providers

Patients The impact of the neurosurgical care delivered depends on the patient’s overall
health determined by socioeconomic factors
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patient, limited by regulation, cost, availability, and other obstacles. These institu-
tions themselves may be run primarily by nonclinical administration, with a focus
on investment and return on capital. Thus, incentives between hospital and provider
are not always aligned. One role of government in this enterprise is to better align
the priorities of patient, physician, and hospital administration, by setting regula-
tions for cost and standardization of quality.

The complexity of neurosurgery care delivery at the time of the surgical interven-
tion is only one piece of the enterprise. Pre-, intra-, and postoperative care for most
neurosurgical interventions are as important as the surgery itself and contribute to
its ultimate success of the surgery. Preoperative care depends heavily on an ancil-
lary team of nurses, technologists, and other providers to ensure the patient is
healthy enough to undergo a neurosurgical operation. Intraoperative care goes
beyond the surgical technique itself. For any given surgery, the medical supply
chain will have delivered the necessary equipment, the operating room will have
been prepared by environmental services, and the instruments will have been ade-
quately sterilized according to national and local standards, with the necessary tech-
nology installed in the room by a team of experts. Since the beginning of our
discipline, neurosurgeons have relied on various technological innovations such as
ventilators, operating microscopes, and newer resources such as augmented reality
and intraoperative and image-guided navigation to enhance the surgical technique.
All in all, this results in a more complex relationship than just the patient and
the doctor.

As introduced by Michael Grossman in 1972 [1], one of the founders of health-
care economics, health is seen as stock with a production process and an output, the
latter concept typically being measured as “healthy days.” Healthcare delivery is
only one of the items necessary for the production process. These include diet, exer-
cise, environment, income, and time. Of note, in recent years, it has become evident
that within the environment category, the family support is a cardinal factor influ-
encing healthcare outcome. Additionally, since his model was first introduced, we
have further defined a fundamental concept of biomolecular signature and genetics.
Thus, as a neurosurgeon part of a neurosurgery enterprise, when delivering our care,
we need not to forget that our role is only one tassel in the complex mosaic of each
patient’s health stock (Fig. 19.1).

Health Inputs Output

Healthcare
Diet
Exercise Production Health Healthy
Environment Process Stock Days
Income
Time

Fig. 19.1 Diagrammatic representation of Grossman’s healthcare capital [1]. Direct neurosurgical
care fits primarily within the production process
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Defining the Forces Shaping Neurosurgery Healthcare
Delivery Worldwide

The standard theory on how economic markets work is the model of supply and
demand, in which buyers and sellers are guided by prices to an efficient allocation
of resources. Not dissimilar to many other markets, the economic market of health-
care delivery in general, and neurosurgery specifically, deviates from these models
in many ways as it is shaped by many forces and stakeholders. This is not surprising
as healthcare often represents a major proportion of a nation’s total economic output
(gross domestic product, or GDP). There are many relevant stakeholders in the
healthcare market, a term defined as individuals or groups that have an interest in
the decisions or activity of the organization. Below we review the main forces that
shape neurosurgery (Table 19.2).

Externality

Externality is defined as market exchange that affects a third party who is outside of
the exchange. As an example, an externality arises when a person engages in an
activity that influences the well-being of a bystander but neither pays nor receives
compensation for that effect. If the impact of the bystander is adverse, this is called
anegative externality. If it is beneficial, it is called a positive externality. In the pres-
ence of externalities, societies interest in a market extends beyond the well-being of
the buyer and seller who participate in the market to include the well-being of the
bystander who are affected indirectly. This happens because buyers and sellers
neglect the external effects of their action when deciding how much to demand
or supply.

Take the example of vaccines. If one person vaccinates himself/herself against a
disease, he/she is less likely to catch it. But because he/she is less likely to catch it,
he/she is less likely to become a carrier and infect other people. Thus, getting vac-
cinated conveys a positive externality. If getting vaccinated has some cost either in

Table 19.2 The neurosurgery enterprise and its market forces

Force Definition/effect

Externality Market exchange that affects a third party who is outside of the exchange

Government A major direct or indirect stakeholder, regulatory oversight

Insurance Prevents individuals from having a financial detrimental effect by
consequences of health

Medical industry Advances the technological aspects of care delivery, profit driven by
nature

Nonprofit Sponsor educational/training/research programs

organizations

Uncertainty For example, COVID-19 pandemic
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money, time, or risk, too few people will choose to get themselves vaccinated
because they will likely ignore the positive externalities when weighing the cost and
benefits. This is a situation where an external force like the government might rem-
edy the problem by subsidizing the development, manufacture, and distribution of
vaccine or by requiring vaccination. Without the intervention from an “outsider,”
the externality can render the unregulated market outcome inefficient. This general
conclusion is crucial to understand the healthcare market as well as the neurosur-
gery enterprise. Externalities are very prevalent in the healthcare market and neuro-
surgery. These externalities necessitate the government intervention to remedy
potential market failures.

Government

Market deviation caused by many factors including externalities are at the basis of
government intervention in healthcare and neurosurgery worldwide. The govern-
ment can be a stakeholder directly or indirectly. The government is a direct stake-
holder in healthcare and neurosurgery in countries where it holds a significant
percentage of the healthcare spending, in part because it is financially contributing
to the health insurance coverage for their citizens. The percentage of governmental
share varies from almost 100% in countries with socialized medicine to approxi-
mately 50% in the USA [2, 3], to smaller amount in countries where out-of-pocket
is still the prevalent coverage.

Even in countries where the government is not the major stakeholder of health-
care and neurosurgery, it can be a major player in shaping neurosurgery by means
of several broad areas that in turn have a direct financial impact on the government
itself (Table 19.3).

First, the government can control commodity taxes and subsidies. For example,
it can decide that in order to decrease its healthcare expense, it will tax tobacco or
sugary drinks as they both have an impact on health. Second, the government can
issue laws to prevent or to foster monopoly depending on how the monopoly will
benefit the country/government. Combining the two concepts, we can take as exam-
ple a medical innovation. In some countries, the government law is such that a dis-
covery can be “patented.” The patent process will result in income to the government
and cost to the inventor, but the inventor may ultimately financially benefit from the
temporary monopoly to license or manufacture the innovation. The upfront cost of

Table 19.3 Governmental interventions on the neurosurgery enterprise

Intervention Example

Control commodity taxes and subsidies Tax sugar drinks

Laws Prevention/establishment of monopoly
Transfer programs Subsidize research

Regulations Food and Drug Administration
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the patent to the inventor will increase the price of the good (the invention) which
may result in high prices for the consumer (and ultimately the patient). Given mar-
ket dynamics, higher prices may decrease the market and drive the price even higher
to recoup the initial investment. At this point the government may intervene and
subsidize the item to allow lower-income patients access to it. This example was
given to explain the complexity of interaction between the government and our field.
Additionally, the government can influence our field by transfer programs. Let’s
take the example of medical research. In some countries, the government supports
medical research with a substantial budget to improve the overall health of the
nation and by so doing possibly by decreasing costs related to healthcare delivery.
Finally, in most countries the government has an active role on our field by means
of regulating. In the USA, an example is the Food and Drug Administration (FDA),
a government agency founded in 1906 responsible for the safety, efficacy, and secu-
rity of human and veterinary drugs, biological products, and medical devices [4].

Insurance

In countries where healthcare is not provided or subsidized in part by the govern-
ment, health insurances exist and are stakeholders of a sizable slice of the healthcare
market. Since the majority of the population tends to be risk adverse, insurances are
common in many economic markets including healthcare. Let’s take the example of
a disease that affects 2% of the population and everyone is equally likely to be
stricken. Treatment costs $30,000. In this case, the expected cost of healthcare is 2%
of $30,000, which is $600. If people are risk averse, they prefer to pay $600 with
certainty over a 2% chance of having to pay $30,000.

The existence of insurances in turn creates at least two forces that impact the
healthcare market. The first is moral hazard, defined as the tendency of a person
who is imperfectly monitored to engage in dishonest or otherwise undesirable
behavior. As an example, if you have a car insurance, you will be less worried about
parking your car on the street. In this scenario, your car may be dented, but with
insurance, you may not be required to pay for the whole cost of repair. In contrast,
on the insurance side, adverse selection (defined as exploiting asymmetric informa-
tion) may occur and cause market imperfections. In this example, insurers may
selectively choose to insure a healthier population in order to limit their overall
payouts.

Medical and Pharmacological Industry

The medical device and pharmacological industries are an aggregation and integra-
tion of sectors within the economic system that provides goods and services to treat
patients with curative, preventive, rehabilitative, and palliative care. For the
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neurosurgeon, the industry segment that handles medical technology is the most
impactful as very often neurosurgeons drive this segment and simultaneously are
driven by it. Neurosurgeons have often been leaders in technological advances, both
inventing new devices and performing clinical trials to verify the safety and efficacy
of these devices and interventions. The examples of neurosurgeons as inventors and
technological leader are numerous, including the introduction of the bipolar [5] and
the stereotactic frame [6] that allowed our field to progress to provide safer surgeries
and to broaden the scope of diseases treated and further technology invented. From
the neurosurgeon’s perspective, innovation allows for improved treatment of a par-
ticular disease state or improves the speed, safety, or ergonomics of a particular
technique. However, the private industry’s role in innovation may often be finan-
cially driven. Here, large corporations often choose pathologies with high preva-
lence in which to innovate, to optimize the addressable market and therefore the
profit margin. Government has intervened in this realm as well, creating pathways
to highlight underserved patient populations, such as the US FDA Humanitarian
Device Exemption, which allows for marketing of a device used to treat a disease
affected less than 8000 patients each year.

Nonprofit and Academic Organizations

Philanthropy is a driving force worldwide. The desire to provide welfare to others is
innate to human nature. The generosity of private individuals or company is often
directed toward private foundations. In neurosurgery, foundations and other nonprofit
organizations including academic institutions have a significant impact on our field.
Private foundations play an important role in supporting the design, execution, and
evaluation of innovative educational programs that will address the needs of our field
globally. They can also provide a role in generating information that will better inform
healthcare workforce policies. Finally, foundations can provide seed funds to execute
preliminary research and/or educational programs important to start new projects.

Uncertainty

Unpredictable factors can influence any economic market. As first remarked by
Kenneth Arrow, Nobel Prize in Economics in 1972 and one the founder of healthcare
economics, uncertainties affect healthcare more than other industries [7]. Not surpris-
ingly, his paper entitled “Uncertainty and Welfare Economics of Medical Care”
(1963) remains one of the most cited in economics 50 years after its publication [8].
More than ever before, the uncertainty due to the COVID-19 pandemic has influ-
enced all market sectors globally. The COVID-19 pandemic is one of the most pro-
found sociological phenomena in recent human history. Most likely its deep impact
on every industry including healthcare will persist long after the pandemic is
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brought under control. Neurosurgery clearly was not spared from its effect. Many
emergent and urgent neurosurgical operations proceeded as usual even during the
peak of the COVID-19 crisis. Yet highly profitable elective procedures in many
healthcare systems decreased dramatically, which strained institutions’ bottom
lines. Despite this, the pandemic also highlighted our field’s resilience, in that we
are able to progress and overcome difficulties to continue caring for our patients.
The delivery of virtual care through tele-health, remote patient monitoring, and
other tools where by necessity greatly accelerated and expanded due to the pan-
demic. This is not likely to return to baseline. Rather combined with payment
changes and other technology, it is poised to catalyze even more transformation in
the neurosurgery healthcare delivery model.

Conclusion

Neurosurgery as a specialty is unique in the complexity both of pathologies treated
and the surgical treatments available. Neurosurgeons are highly reliant on technol-
ogy and institutional support to be able to provide for our patient populations. Given
this, there are many complicated, interrelated stakeholders in the neurosurgery
enterprise. Understanding that neurosurgical care is not simply performing the
operation but also a product of the pre- and postoperative care, supply chain optimi-
zation, government regulation, and private industry innovation is key to optimizing
care for our patients.
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Chapter 20
Medical Technology Innovation
and Entrepreneurship in Neurosurgery

Alexandre C. Carpentier and John R. Adler Jr.

Ultrasound-Induced Blood-Brain Barrier Opening:
The Neurosurgeon’s SonoCloud Solution

Brain drug delivery remains a challenge due to the blood-brain barrier (BBB).
Pulsed ultrasound is a new technique that is capable of safely and transiently open-
ing the BBB. After fundamental research and conception of a new medical device
for BBB opening, the CarThera entrepreneurial adventure began. Innovation trans-
fer implies numerous challenges, especially for development of a fundamentally
new technology with no precedents. The SonoCloud has further challenges as an
implantable device, regulatory hurdles as it is used in combination with drugs, and
since it targets a sensitive organ — the brain.

Step 1: The Vision

To innovate, one has to envision the ideal clinical practice several decades in the
future. Present unmet needs (fundamental, surgical, organizational, or computa-
tional) have also to be precisely identified and defined. By the confrontation of
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future (ideal practice) with present (unmet needs), a vision will be born, and the
process of innovating will start and should not be inhibited by any immediate dif-
ficulties or apparent technical challenges.

One of the major fundamental unmet needs in neuroscience is brain drug deliv-
ery, a constant challenge due to the blood-brain barrier (BBB). Approximately 99%
of drugs can’t cross the BBB. Existing approaches to circumvent the BBB are insuf-
ficient (convection enhanced delivery, local wafers) or toxic (osmotic drugs, electro-
poration). In the 1990s, pharmaceutical companies and start-ups developed
functionalized drugs or nanoparticles to cross the BBB using receptor-mediated
transcytosis such as transferrin receptors. Such approaches didn’t achieve signifi-
cant clinical efficacy due to acquired resistance at the endothelium and receptor
downregulation/blockage. For brain tumors, only two chemotherapies have efficient
brain uptake (temozolomide 25%, nitrosoureas 20%), whereas most other drugs fail
to cross the BBB at levels higher than 3-5%, explaining why numerous trials have
failed over the last 20 years. This clinical unmet need for brain drug delivery also
includes numerous other brain pathologies including neurodegenerative diseases.
This BBB challenge is amplified by the arrival of new molecules with higher molec-
ular weights (antibodies, nanoparticles, etc.) which cannot cross the BBB and have
only a <1% penetration from the blood to brain tissue.

Russian research in the 1960s had shown that pulsed ultrasound could open the
BBB, but this high-intensity “sonoporation” also impacted brain cells, resulting in
significant toxicity. In 2001, Kullervo Hynynen, PhD used a lower intensity pulsed
ultrasound emission but coupled the ultrasound with intravascular ultrasound con-
trast agents (microbubbles) commonly used in clinical diagnostic routine [1]. These
microbubbles resonate in response to the acoustic energy delivered, leading to “cav-
itation,” causing a shear stress at the vascular endothelium inducing a transient (6 h)
and reversible disruption of the BBB. Although the technique works with an exter-
nal ultrasound transmitter in small animals with thin skulls, the adoption of the
technique in humans has several hurdles: absorption and acoustic defocusing
induced by the thickness and irregularity of the cranial bone.

Two complementary technological achievements were then born to make up for
these problems: an external HIFU (high-intensity focused ultrasound) device and an
implanted LIPU (low-intensity pulsed ultrasound) device.

HIFU, designed by physicists, consists of a helmet of 1000 converging ultra-
sound emitters (Exablate by Insightec). Installed on a shaved head, cooled and
immobilized in a stereotactic frame, the ultrasound sonication procedure requires a
prior acoustic burst under MRI to check the target and the treatment intensity before
launching the pulsed opening sequence of the BBB. While the technique is perfectly
adapted for pathologies of the deep brain, it is less efficient in the cortical region.
Moreover, the procedure time (3 h) is difficult for routine clinical practice for
repeated treatments, for example, at each chemotherapy treatment in the manage-
ment of brain tumors.

LIPU, designed by neurosurgeons, consists of an implantable device with 1-9
emitters, convergent or not (SonoCloud by CarThera). The device is installed in the
thickness of the skull, in an extradural position, during tumor removal surgery
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before classically closing the patient’s skin, avoiding the issue of transmission
through the skull bone. The acoustic pressure delivered to the brain is then perfectly
controlled, without attenuation or distortion, so that MRI is no longer necessary.
The aim here was to extend the applications of the BBB opening to cortical brain
pathologies, brain tumors, more diffuse pathologies, and to the need for repeated
treatments. The LIPU procedure to open the BBB takes 10 min, making possible
repeated treatments at each chemotherapy session, with a clinical routine feasibility
with low time consumption and a minimal learning curve.

Step 2: Preclinical Research

An innovation can result from a clinical vision (majority of medical device
advances), and then preclinical research will follow to establish a preclinical proof
of concept. Alternatively, an innovation can result from preclinical research (most
drug discoveries), and then the clinical vision is established. In both cases, to accel-
erate future transfer to patients, preclinical research should be performed with the
final device/drug to satisfy regulatory considerations for clinical trial authoriza-
tion. The prototype/device/drug conception and production must take into account
these regulatory and clinical factors very early on in development (biocompatibility,
MRI compatibility, patient’s feasibility, etc.), and preclinical research must be per-
formed using good laboratory practice (GLP) guidelines. An early initial patent is
then recommended. Then, a multidisciplinary team (fundamental research, physi-
cists, engineers) and strategic collaborations can be established to proceed with
additional innovation, production, and preclinical research.

The SonoCloud (ultrasound implantable device) was developed between 2010
and 2012 in my Sorbonne research academic lab, through a close collaboration with
a dedicated French public research lab specializing in therapeutic ultrasound
(INSERM/LabTAU, Lyon, France). At that time, a basic prototype (Fig. 20.1), not

Fig. 20.1 SonoCloud-1 by
CarThera: ultrasound
implanted medical device
for 5 cm® BBB opening
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yet compatible for human use, was developed for preclinical proof of concept. After
establishing the proper parameters, the LIPU technology was used to confirm that
the BBB can be transiently disrupted after 2—4 min of nonfocused ultrasound emis-
sion in contact with the dura matter [2]. Mice, rabbits, dogs, and then primate exper-
iments not only showed efficiency of the technique (using contrast agents indicating
BBB disruption such as Evan’s blue and contrast-enhanced MRI) but also its safety
(in PET, EEG, EP, histology) even for repeated sessions every 15 days [3—6]. After
each session, the BBB closes spontaneously between 6 h and 24 h after sonication
(ultrasound emission), a crucial physiological repair to avoid secondary effects of
long BBB opening duration. Mice models of high-grade glioma demonstrated
increased survival with opened BBB during drug IV administration [7]. The pre-
clinical proof of concept was then achieved.

Step 3: Translation from “Proof of Concept” to Clinical Trials

After preclinical research proof of concept was demonstrated, and after essential
validation of interest by key opinion leaders (KOLs), the entrepreneurial adventure
can start with building a dedicated team consisting of engineers, clinical, regula-
tory, and business experts. Top engineer and technical conception are essential for
device technical conception, reliability, production, subcontractor selection, and
regulatory strategy. Most of the time, big medical device companies are not willing
to embrace an early stage development due to the high business risks, long develop-
ment times, and liability issues that could result if any adverse safety events occur
during initial clinical trials. A start-up is often the ideal solution to navigate the
risks and maximize the opportunities of such an endeavor. The business model and
fundraising will be strengthened by the user conviction: the neurosurgeon.
CarThera, a university start-up, was created in 2010 to develop the SonoCloud
device. Business plan and neurosurgeon implications allowed for fundraising among
private individuals (love money), family offices, foundations, and public grants.
Even if the inventor has to fund symbolically the company, he/she can keep substan-
tial equity by valuating his in-kind assets: university patents [8] licensed to the start-
up, preclinical proof of concept, personal expertise, and future implication.
Between 2012 and 2014, besides continuing fundamental research, the team
focused on device production for future clinical trials. Such production had to
respect the numerous state regulatory requirements such as risk management (EN
ISO 14971), biocompatibility (ISO 10993-1), electrical and mechanical safety (EN
60601-1&2, EN 45502-1), electromagnetic compatibility (EN 60601-1-2), medical
software (EN 62304), packaging and sterilization (ISO 11135 - ENISO 11607-1&2),
degradation analysis (EN 62366), good clinical practices (EN ISO 14155), and
quality management (ISO 13485). Such requirements may require additional ani-
mal experiments; for example, even if composed of biocompatible materials, the
final device may require additional biocompatibility testing. Additionally, a certain
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amount of the prototype devices will have to be analyzed by independent certifica-
tion companies to prove they conform to the applicable regulatory norms.

This step was achieved in mid-2014 and cost three times the preclinical research
stage. The start-up creation is not a goal in itself. It is only a means for funding such
regulatory steps that are normally not financed by academic grants. As a neurosur-
geon, a biologist, or an inventor, the fundamental science and clinical development
are our most important input in the project, and it is important to maintain this role,
keep our clinical routine activities, and decline any day-to-day management func-
tions in the company.

Step 4: Clinical Trials

After completion of preclinical proof of concept, potential patients benefit evalua-
tion, efficacy comparison with existing therapeutics, and preclinical proof of safety,
the regulatory dossier can be submitted to FDA (Food and Drug Administration) or
EMA (European Medical Agency). Clinical trials will have to first prove safety on
humans (phase 1) and then prove efficacy (phase 2/3) with previous validation of the
strategy by regulatory authorities. Randomized trials are more and more manda-
tory, with all their complexity in terms of control arm choice, bias, and costs. Even
if FDA/EMA clearance is the ultimate goal to reach, clinical trials should never
forget to first convince the scientific/clinical community, so that trial designs must
be validated by external scientific board advisers prior to any of the other steps.

At La Pitie-Salpetriere Sorbonne Hospital, we have therefore started the first
clinical trial to open the BBB in 2014 in recurrent glioblastoma after patients have
received standard of care treatment. Patients eligible for new tumor resection were
implanted with the SonoCloud device to avoid a dedicated surgery for device
implantation. Carboplatin chemotherapy was chosen to be IV injected concomi-
tantly to BBB opening since this drug was shown to be non-neurotoxic in previous
convection enhanced drug (CED) delivery trials. Several days after implantation,
the first sonication was performed using a transdermal needle to provide energy to
the device (no internal battery to be MRI compatible for tumor follow-up MRI). On
19 patients and 65 BBB opening sessions, not only tolerance of BBB opening was
proven for the first time on humans [9] but also a trend of delayed tumor progression
[10]. Another trial was performed to extend by ninefold the field of ultrasound using
a newly developed SonoCloud-9 device (Fig. 20.2), inducing a large BBB opening
region (Fig. 20.3), still with good tolerance. A pivotal phase 3 study is planned to
prove better overall survival versus currently available therapies, the key criteria
demanded by regulatory authorities. Due to its cost, usually only a single pivotal
trial can be performed by a start-up, so that this decision is major in terms of tech-
nology survival.

Pilot trials are also ongoing to explore interest of the technology for other indica-
tions such as for pediatric brain tumors [11], other drug association [12], including
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Fig. 20.2 SonoCloud-9 by
CarThera: ultrasound
implanted medical device
for 45 cm® BBB opening

Fig. 20.3 Contrast enhancement as a surrogate showing ultrasound-induced blood-brain barrier
opening. Note the contrast enhancement in front of three ultrasound emitters

brain tumor with check point inhibitors [13], but also for Alzheimer’s disease with
no associated drug, which is also being pursued by others using transcranial
approaches [14]. Indeed, preclinical work on Alzheimer’s disease mice model
showed that amyloid plaques, neurofibrillary deposits, and cognitive impairment
were decreased by repetitive sonication [15, 16].

Step 5: User Adoption

User adoption or deployment of a technology can be envisioned if you obtain
improved treatment efficacy/process or care cost diminution. To reach market
access, the most difficult step is to obtain clearance from regulatory authorities.
After this critical step, reimbursement is the main limitation before widespread
adoption. In this latest step, the clinician is once again the best ambassador.
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A disruptive innovation is a totally new innovation or treatment approach, with-
out existing predicates on the market. One has to be aware before developing such
an innovation, because its development involves many challenging steps, with a
slow progression due to the amount of proof required for regulatory authorities
(e.g., a PMA through the FDA) and evidence for reimbursement. Additionally,
existing treatment habits may lead clinicians to modify their practice, especially if
the patient’s flow is significantly altered. On the other hand, the absence of predicate
devices will give significant time for proper development and at the end bring sig-
nificant value to the project. The SonoCloud development is an example of such a
disruptive innovation, having in addition to deal with fundamental science and
drug issues.

An incremental innovation is an optimization of an existing device that does the
same therapeutic effect. Such innovation, although less challenging, can progress
much faster and is easier to deploy. Additionally, the technology is most often
matching with existing treatment habits so that clinicians will not have to modify
their practice and the learning curve and adoption is much easier. The 510 K FDA
regulation procedure is also easier since it focuses on differences with existing,
approved devices. On the other hand, the value of the project is limited due to the
existence of competing technologies.

Saving Lives by Other Means: Enabling Radiosurgery for Two
Million Patients per Year

Step 1: My Serendipitous Path

Who is a doctor? A simple question, yet with myriad answers. I stumbled into medi-
cine with only the most superficial appreciation for what it means to be a physician.
Coming from a small town I understood the prestige given to the immigrant town
doctor as well as the economic security he enjoyed. And in school, I always liked
science and embraced hard work. However, I had never given deep thought about
“the profession” of medicine, and before I knew it, I was a medical student and then
neurosurgical resident. Just like my fellow classmates and residents, the path into
my future career was seemingly laid out for me. Little was I aware of the abrupt turn
it might take [17]. Somewhat randomly my young family and I went to the
Karolinska Institute in Stockholm, expecting during a year fellowship to dabble in
research but, seemingly even more importantly to me then, spend significant time in
the operating room doing cerebrovascular cases. But soon I would meet Lars
Leksell. Before spending much time with “the man” himself, I got a furtive glimpse
here and there of his very big idea, noninvasive brain surgery via “his radiosurgery.”
Suddenly I was asking if the long-term future of brain surgery might not involve
open surgery at all? If so, did I want future neurosurgeons to think of me the way I
thought of Civil War era surgeons, who were little more than amputation machines
and vectors for contagium? Despite being nearly retired, Leksell’s ideas permeated



290 A. C. Carpentier and J. R. Adler Jr.

the entire Department of Neurosurgery at the Karolinska Institute, driving nearly all
clinical innovation and, most importantly, saving lives. I was dazzled by the notion
that a surgeon’s ideas and not necessarily their hands might save the most lives. It
should have been immediately apparent to me that turning Leksell’s big ideas into
reality also required a parallel ubiquitous societal structure, business. However, I
was largely oblivious to that dimension of innovation because in Lars Leksell’s
world, his nonhospital-based sons did the heaviest lifting when it came to business.

Not long after leaving Sweden, a growing family in tow, I was finishing up my
residency at Harvard and needed to find a home where I might pursue my own
dreams and big ideas. Taking some vague notions about this idea for image guid-
ance and a device that would someday become the CyberKnife, I interviewed with
a handful of academic institutions looking to hire a poorly paid junior faculty mem-
ber. Serendipitously I found my way to Stanford and the surrounding Silicon Valley.
At Stanford I was clearly at the very bottom of the neurosurgical pecking order,
largely ignored and tucked away at the local VA Hospital. Cut off from significant
patient referrals, little was asked or expected from me. How truly fortunate I was.

When not covering the ER or relegated to taking night call, I had enough time on
my young assistant professor hands to find my way to the Stanford School of
Engineering, believing that they might help me realize my innovation for image-
guided radiosurgery. However, rather quickly my dreams became too big and tan-
gible for a university lab, even a big research institution like Stanford, so I wandered
off campus and found my way into the land of big dreams: Silicon Valley. Truthfully,
I had no guide, no mentor, and not even a like-minded colleague with whom I might
share the adventure or, more importantly, who might provide emotional support in
the world of mega-drama I was about to enter.

Step 2: Leverage Your Environment

From the outside, the world looks at Silicon Valley and sees a collection of massive
all-powerful world-renowned companies like Apple, Google, Facebook, Intuitive
Surgical, etc. However, I soon learned that what really makes Silicon Valley special
is a motley community of small-scale, intrepid entrepreneurs offering an unmatched
collection of capabilities in just about every aspect of technology. For many of these
small businesses, big time commercial success had evaded them, yet for the major-
ity, they simply love the process of innovation more than commercial success and
are not unhappy to just be “tinkerers.” But not for me. I was in the early 1990s a man
on a mission, determined to disrupt radiosurgery as the world knew it. Before long
I had found a base of operation outside Stanford in a very small R&D shop named
Schonberg Radiation that was living a virtual hand to mouth existence but which
also made very small (x-band) linear accelerators. Like many Silicon Valley compa-
nies, innovation was in part an aphrodisiac for the eclectic founders of Schonberg,
and my radical notion for changing therapeutic radiation certainly appealed to that
side of their nature. A few small government grants were followed by rejection after
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rejection. NIH grant reviewers commented, “who would want to do radiosurgery
outside the brain” and “why would anyone want to fractionate SRS for brain
lesions”; the radiation therapy elite really saw no significant value to my dreams. In
response I turned to industry for funding: GE, Siemens, and Philips. Again, rejec-
tion after rejection. Then I turned to the ever-present Silicon Valley venture capital
community who are supposed to be inclined to make big bets on big ideas, espe-
cially here in “The Valley.” Yet again rejection after rejection. After almost 3 years
of rejections, I said “enough,” I will try to do this myself. Cobbling together a grand
total of $600,000, mostly from neurosurgeon friends of mine, as well as one advance
order from Stanford Medical Center for a “Neurotron 1000,” and teaming up with
several technologist, the youngest of which was 25 years my senior, a new company
was founded, and in short order it was named Accuray by my wife Marilyn.

I, who was merely a young neurosurgeon, had no idea what I was getting myself
into when I founded Accuray. Without any business or engineering experience, I
was oblivious to the challenges of a grossly underfunded complex and heavily regu-
lated medical device company, and in hindsight my much more seasoned cofound-
ers seem to have been even more clueless than me. In fact, whenever the going got
tough, it was me who had to solve the problems, despite also working a full-time job
as a reasonably busy neurosurgeon at Stanford and being the father of two young
children. It is me who went around the USA and found five more customers for the
Neurotron 1000, which would soon morph into the CyberKnife brand, each sale
coming with a hefty down payment used to support company R&D and other opera-
tions. It was me who led most additional, albeit extremely modest, funding efforts,
again mostly from angel investor often neurosurgeon friends of mine. A second
mortgage on my house became a revolving source of cash for the business, yet with
such limited funding Accuray needed to cut corners everywhere. Because the com-
pany lacked funding to build a proper radiation-shielded facility for testing inside
the company, the first prototype machine was actually built inside Stanford Hospital.
In comparison, Intuitive Surgery (which has become my lifelong stalking horse)
was founded at almost exactly the same time as Accuray and was located only a few
miles from our office, and both new technologies (Da Vinci Robot and CyberKnife)
were of comparable technical complexity, yet Intuitive had serious venture capital
funding and Accuray did not; the difference between the two was literally 20X!
Despite always needing to bootstrap operations, a naive but determined team of
engineers and me found a way to treat the first CyberKnife patient, an elderly
woman with a solitary brain metastasis (Fig. 20.4).

Step 3: The Business Plan

At best my “frameless” CyberKnife procedure was on par with standard frame-
based Linac SRS, yet the effort involved in treating that first patient was easily ten
times greater. Seeing how much improvement “my” CyberKnife required to get
anywhere close to my vision and, even more importantly, to meet my promises to
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Fig. 20.4 First patient
treatment with Stanford
CyberKnife, June 11, 1994

customers, left me often feeling ashamed and like a failure. I had no basis for appre-
ciating that disruptive technologies always initially represent a practical step back-
wards. Sadly, no one in my world took me aside to explain how the innovation game
ALWAYS works; to some extent, “You must fake it until you make it!”

Ashamed or not, I had treated my first patient which was some cause for short-
term celebration. However, when my supposedly seasoned cofounders proved inca-
pable of raising even the most modest investment, Accuray literally ran out of
money only 6 months after our “first in man!” I had to sell machines, fundraise,
promote, treat patients, recruit talent, help manage R&D, drive the board of direc-
tors, and more, all the while striving to be a full-time hard-charging academic neu-
rosurgeon and also a good father. I just couldn’t keep the entire enterprise together,
and so the company ran out of money. The next 3 years were frankly hellish. Day
after day, sleepless night after sleepless night, I would feel constant despair, uncer-
tain how I might ever save my CyberKnife baby. I tried everything, short of making
a deal with the devil. I entertained the sketchiest of characters who promised to help
the company, but in hindsight “help” meant little more than help themselves.
Ironically my clinical practice at Stanford was by then booming, fueled in part by
the attention garnered by “my” CyberKnife, yet this only added to the incessant
stress and ever-present feeling of being a fraud and a failure.

Throughout all the doom and gloom, a core group of 8 crazy zealous mostly
engineering employees (having been reduced from a one-time team of 40) had
the tenacity to hang in there, and slowly over time the CyberKnife technology
improved. Although still living a hand to mouth existence, the team found a way
to install the four other US CyberKnifes I had previously sold. Soon thereafter
we got a near miraculous Japanese regulatory clearance and with that a handful
of sales. Then Accuray yet again almost ran out of funds for the umpteenth time.
However, on this occasion a longtime champion, neurosurgeon Jim Doty, came
along and agreed to invest what was then a near unimaginable sum of 500,000
dollars, providing he was also made CEO. Experience or not, the board and I
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took the deal, also investing more myself over my poor wife’s objections. Not
much time had passed before an Asian-based venture capital firm agreed to
invest 8 million dollars in Accuray, suddenly brightening the outlook for my
baby appreciably. But like so much of my saga, the good times lasted about a
year when a precipitous spat with the board resulted in Jim Doty walking out the
door. In literally an instant I decided to take a sabbatical from Stanford and
become Accuray’s new CEO.

Overnight I became the leader of what by then was nearly a 100-employee busi-
ness. Accuray’s chaotic past leadership, and a booming 1999 Silicon Valley, poi-
soned upfront any grace period a new leader by all rights might have been afforded.
Within days I, yet another inexperienced neurosurgeon CEO of Accuray, had a
management revolt on my hands, eventually leading to the departure of several
senior employees who headed out to apparently “greener pastures.” In hindsight
all these seemingly seasoned hands made terrible strategic blunders in their
careers. The first year of my CEO tenure proved to be very tough. I was naive and
untested, and in parallel all the stars were aligned against us. Not long after, the
CEO of a key supplier to Accuray, Fanuc Robots, made a summary decision to not
sell their robots to us; Fanuc’s CEO and all-powerful founder was frightened by
the risk of seeing his robots being used in the first ever truly robotic surgery sys-
tem, the CyberKnife. It was incredibly traumatic to have to turn the entire product
upside down and build it around an entirely new robot, Kuka, but the company
managed to do it in only 4 months led by one exceptionally talented charismatic
engineer. Meanwhile 1999 was a brutal year in Silicon Valley for recruiting des-
perately needed engineers, who were simultaneously being courted by the richest
technology companies. Stock prices in “The Valley” were soaring, everyone, even
secretaries were getting million-dollar paydays, but not poor Accuray where a
hand to mouth financial existence and a parsimonious CEO ruled. Although chron-
ically short of funds, Accuray still managed to survive, finally securing its first US
FDA regulatory clearance in 1999 and then even more critically another 510(k)
clearance a year later.

Despite having US regulatory clearance in hand and a more stable CyberKnife
technology, it proved impossible to secure more funding for Accuray, in large part
because of the financial bust that followed the bursting of the technology bubble and
then September 11, 2001. So needing more money, I entered back into serious sales
mode in both the USA and Japan, after what had been a nearly 5-year hiatus. And
then in my third year of being CEO everything finally started to click for the busi-
ness. Despite customer skepticism the company was able to finally resume sales in
the USA in part through my relentless sales evangelism. Meanwhile we released
very cool technology (in large part my inventions) for treating spinal lesions and
both lung and prostate cancer. Real revenue was starting to flow from Japanese and
US sales and that in turn made it possible to ultimately raise significant venture
investment. Accuray was entering this virtuous cycle of success, and it was utterly
joyful, and yet, it was at this very juncture that I needed to enter into one of the most
fateful decisions of my life.
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Step 3: User Adoption and Academia

The founder and CEO of a start-up is utterly critical to business success, arguably
more important than product. However, for a disruptive medical device company it
may be physician innovators that are even more important. Fender Musical
Instruments Corporation made amazing electric guitars, but without Jimi Hendrix
playing their “Stratocaster,” would the world have ever known? So once the busi-
ness was stabilized, I realized that Accuray and I did not have our Jimi Hendrix of
new clinical applications. It dawned on me that the CyberKnife user best able by far
to fill that role was me. It seemed much easier to find a “professional CEO” to man-
age the business than a neurosurgeon to drive clinical innovation. Unfortunately,
Stanford University’s obsession with conflicts of interest made it impossible to
work both roles. And so I found myself needing to make what was the difficult (and
ultimately fateful) choice of my career: remain the CEO or return to Stanford as a
neurosurgeon and drive clinical innovation.

Following a small search by a headhunter, Accuray hired its “professional CEO,”
an individual with prior experience in industry and, uniquely enough, brain radio-
surgery. I then returned to Stanford about 3 years after leaving. The ensuing 6 years
proved to be some of the most academically productive of my career. Despite lots of
handwringing by myself and colleagues, my core surgical skills quickly returned,
much like riding a bicycle! Being back at Stanford and freed of management respon-
sibilities at Accuray, I was finally able to focus entirely on developing multiple new
clinical applications with the CyberKnife, most of these representing “medical
firsts” which today are commonplace procedures for spine, thoracic, and urologic
surgeons. I was also publishing nonstop, frequently using the many long plane trips
I was taking worldwide, always to promote the CyberKnife and grow Accuray’s
burgeoning sales backlog; at this point my children were off to college, and I could
travel without regret. Meanwhile the business was booming, and John Adler was the
face of a growing and even at times celebrated brand.

Although it was great fun jetting around the world and being treated as a celeb-
rity, albeit within only a small niche of medicine (radiosurgery), problems were
brewing on the home front. While Accuray’s revenues were growing very quickly,
literally doubling every year, a knowledgeable insider like me could see worrisome
signs. The company’s new CEO convinced himself first, and then the board, that he
personally was the reason for the company’s recent growth. He took over all deci-
sion making around the business but even more importantly the product evolution.
Inside the business I was sidelined, and sometimes even contractually handcuffed,
to be the “doctor” face of the company, merely schmoozing with customers and
investors alike but without any internal authority. The result was the leveling off of
CyberKnife technical innovation and clinical applications, and I was powerless to
intervene, with the CEO having utterly convinced the board he was the business
genius behind the business’ recent successes; as is so often true, revenue growth
does not tell the entire story about a business’s prospects. Yet from the outside, and
even to many inside the company, all appeared well.. Things appeared good enough
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to do a listing on a public stock market, which is what happened in 2007. Yes, I
celebrated this event but, from afar, needing to host a previously committed to big
sales dinner on the West Coast with potential physician customers. While Dr. Adler
was attending to business, the Accuray management team metaphorically whooped
it up celebrating ARAY’s NASDAQ IPO in New York City.

Step 4: The Impact of Historic Financial Market Events

The problems for Accuray that I was sensing were greatly magnified later that year
when organized Radiation Oncology (ASTRO) and its industry counterpart, Varian,
ganged up to put this upstart in its place. The CyberKnife’s accelerating success
treating prostate cancer, arguably the single disease most critical to the financial
success of all of radiation oncology, was a direct threat to both entities. In a hugely
influential Radiation Oncology Red Journal editorial, it was argued that hypofrac-
tionated CyberKnife treatment for prostate should still be deemed ‘“unproven,”
“experimental,” and “investigational” [18]. Overnight, insurance companies stopped
paying for experimental (and ironically even less expensive) prostate cancer treat-
ment, and CyberKnife sales quickly dried up. Nevertheless, Accuray management
was still too busy celebrating their IPO success and largely oblivious to this existen-
tial threat. I was worried, deeply worried, especially as the USA started to enter its
“Great Recession.” Meanwhile I never stopped being the public face of Accuray to
customers. Sometimes that could be fun, when things were working well, but some-
times it was extremely frustrating when there were problems, and I have no control.

Responsibility without authority inevitably makes one feel powerless and is
extremely stressful. Totally frightened about where “my company” was heading, I
decided to lead a rear-guard revolt with selected key employees and hoping ulti-
mately to convince the Accuray board of directors that a change in CEO was needed.
Some employees who I knew to be key to the business were utterly supportive and
really yearned for me to make a Steve Jobs-like return. However most senior man-
agers were quite content, clearly aware that if the revolt failed, they would be out of
a job. With whatever employee troops I could muster waiting for my order, I made
a fateful presentation to the Accuray board of directors in February 2008 demanding
the replacement of the CEO. It fell on utterly deaf ears. I was deemed a jealous
ingrate, and bluntly informed the CEO would stay. Hearing that, I knew it was me
who must leave Accuray despite giving my heart and soul to the company for almost
two decades. Over the ensuing year I worked my way out of the company starting
with my resignation from the board. It was a horrible time to be selling any stock
during the depths of the Great Recession, but I did not have much choice needing to
sell my company stock at rock bottom prices. By the end of 2008 I was out. My
baby, my Accuray, was now on its own, and so was I.

While arranging my departure from Accuray, I started to give thought to what’s
next in my life. What hung over me was not the past success of my professional
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career but the failure to get radiosurgery more widely embraced. An approach to
surgery, which I reckoned to be the most advanced in history, literally as impor-
tant as the genetics revolution (which I believe still), was embraced only tepidly
by the medical world, even by my own neurosurgical colleagues. What struck me
was that this failure, my failure, stemmed not from clinical outcomes but rather
stark practical realities about medicine. Science in medicine does matter, yet
sadly money and power often matter more. The radiosurgical field I loved was
held hostage in a political struggle between two medical specialties, in large part
because very generous insurance reimbursement flowed not too physicians (neu-
rosurgeons) but to the biggest and richest hospitals. What dawned on me was that
when incentives are misaligned, patients do not get the best care no matter what
medical science might argue; for ivory-tower academic types, who insist that
“evidence-based medicine” must drive decision-making, this real-world experi-
ence proved an epiphany. It was this singular insight that set me off on my latest
medical device start-up.

I convinced myself that just maybe I could “rescue” brain radiosurgery from a
slow death stemming from growing neurosurgical disinterest. As I saw things, a
major problem with “the practice” of radiosurgery stemmed from a lack of clini-
cal innovation, and if that was to be reversed, neurosurgeons needed to reengage
and be passionate; better reimbursement should also be part of a solution to incen-
tivize neurosurgeons. The big challenge with radiosurgery as a procedural field is
that it requires the most complex to operate and expensive equipment in all of
healthcare. This practical reality is why SRS had become bottled up inside big
institutions; at the same time I believe the world is just now starting to witness the
gradual decline of big hospitals and medical schools as being the primary centers
for surgical innovation. So my simple answer was “less complex, less expensive”
radiosurgery by creating a specialized surgical robot.

Getting radiosurgery out of big expensive radiation therapy vaults seemed like an
important step if I was to “democratize” the procedure. Brainstorming with myself,
I quickly realized I would need a lower energy linear accelerator to make my new
dream into a reality. With this need in mind, I approached Varian Medical Inc.,
which is immediately next door to Stanford and knows more about Linacs than any
company in the world. However in a turn of events the CEO of Varian convinced me
to join Varian and make my newest dream happen inside his company instead; mul-
tiple members of the board of directors also met with me, each explaining with the
utmost sincerity that my entrepreneurial spirit would be just the shot in the arm that
a stodgy Varian needed to reinvigorate it.

In no time there was a plan and financial offer that was hard to refuse, even for a
well-paid chaired professor of NS. With the utmost enthusiasm, I took another leave
of absence from Stanford, this time committed to making a next-generation radio-
surgery device to democratize the field. What excited me the most was that this time
around I had the backing of a big company, and therefore it could not possibly be so
completely arduous. After what happened at Accuray, I didn’t feel I had the courage
or stamina for another raw start-up. Yet again, I was in for a surprise!
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Step 5: Doing It All Over Again!

Unfortunately, the honeymoon with Varian lasted less than 2 years. A quarterly
earnings shortfall meant budget cuts, and like most old-fashioned unimaginative
companies, which by then I realized Varian to be, the first thing cut is the unpredict-
able scary innovation stuff. Fortunately, or not, Varian invited me to find outside
investors to fund what would become a technology spin out named Zap Surgical.
Although never explicitly stated as such, my impression was that Varian manage-
ment, knowing how challenging fundraising for medical device companies can be,
truly hoped I would come up empty-handed and my pesky notions of radiosurgical
innovation would ultimately just disappear; Varian senior management from the
onset felt deeply ambivalent about Zap’s success given their own “kludge” (my
words) of a solution for brain radiosurgery and wanting to avoid competition from
a more optimized neurosurgical product. Still Varian was willing to grant me a
license to MY own inventions if fundraising succeeded. My ideas for a next-gener-
ation SRS device were now moving forward (Fig. 20.5).

Rather than feeling excitement, I was ironically frightened and emotionally
spent. I had promised myself since Accuray that there would be no more difficult
start-ups in my life, and suddenly I was late in middle age doing yet another raw
start-up. And if that wasn’t depressing enough, I had also “blundered” my way into
creating and managing (as CEO) a “Next Gen” medical journal named Cureus, hav-
ing initially started that company around an operations leader with lots of internet
experience [19]. I naively founded Cureus believing the operating president would
do the heavy lifting and I would just be an evangelist and the chairman filled with
good ideas. However 2 years into Cureus, when things started getting a little tough,
as they ALWAYS do, the president washed out. While I viewed Cureus as an excit-
ing world changing idea and as a great business opportunity, it was very much a
fresh start-up requiring lots of attention and increasingly associated with all the
stereotypical start-up anguish. So, having just crossed age 60, a time when so many
colleagues are thinking about slowing down, I found myself being the CEO of two
raw start-ups happening in parallel.

Fig. 20.5 Schematic of
Zap-X
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While both Cureus and Zap Surgical have had their ups and downs, neither one
over the ensuing years remotely resembled Accuray when it comes to emotional
drama. More than a decade after inception, both Cureus and Zap Surgical are doing
well and seem poised, in time, to become big successes, maybe even colossal suc-
cesses, within their respective niches [20]. Still the idea of slowing down and not giv-
ing everything I have to these two other virtual children of mine remains unthinkable.
I console myself with the idea that an eternity of rest awaits me inside one’s grave.
Until that time, I'1l stay laser focused on the millions of patients’ lives at stake. Rightly
or wrongly my concern is that if I as a neurosurgeon don’t do this work, who will?

Conclusions

As neurosurgeons, our biggest satisfaction resides in patients’ care and postoperative
results. Research performed by many neurosurgeons ultimately improves standard
of care by introducing new treatments. By raising funds for research and develop-
ment (R&D), regulatory clearance, and production entrepreneurship makes it possi-
ble to bring novel technologies to the bedside. Medical device start-ups are
exceptionally difficult endeavors, typically requiring more than a decade to merely
get serious traction. While neurosurgeons are innately innovative, it is a difficult
decision to start a business given what an extreme distraction it will be from the typi-
cal clinical practice. Should a neurosurgeon choose to start an innovative medical
device (or Pharma) company, it will prove to be the most difficult challenges of their
professional lives. However, it will also be the most rewarding career experience of
one’s life. Clinicians’ expertise and their clinical activities are the best ambassadors
for new technology development and adoption. The road is long, but contributing to
treatment optimization across the world represents an exciting mission and gives
enormous motivation to overcome difficulties along the development path.
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Chapter 21 )
Digital Technology in Neurosurgery:
A Successful Entrepreneurship Story

Check for
updates

Federico Nicolosi, Paolo Raimondo, and Giannantonio Spena

The Problem

Neurosurgery is, by definition, the medical discipline that deals with some of the
most complicated pathologies being the brain not only a largely unexplored organ
but also the one that holds the most intricate anatomy. Neurosurgical training is a
long, complicated, multifaceted, and demanding path that asks the trainees to com-
bine hard cognitive skills with 3D spatial orientation, coordination, procedural
automatisms, and a vast theoretical knowledge. This process takes years. The meth-
ods to apprehend neurosurgical anatomy mainly rely upon the acquisition of theo-
retical concepts through lectures, textbooks, operative videos, medical images, and,
of course, operating theaters. Finally, the learning process requires to translate this
two-dimensional information into tridimensional mental imagery. This task is, at
the same time, the most important and the most difficult to accomplish in neurosur-
gery, as it involves the ability to imagine the position of neural and vascular struc-
tures and to locate pathologies from different surgical perspectives and accesses
(approaches). In addition, a trainee is asked to learn manual automatisms, dexterity,
and psychomotor coordination in order to reduce the error rate during his/her per-
formance. Somehow, the accuracy and rapidity to roll out these processes differenti-
ate the experienced neurosurgeon from a younger or less experienced one.

In recent years neurosurgical training has become more difficult due to regula-
tions in Western countries that limit the working hours of residents in neurosurgical
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departments [1]. For this reason, worldwide, neurosurgeons have access to a limited
number of surgical procedures, both during the training period and during the activ-
ity in wards. In a system where manual training coincides almost completely with
live surgery experience, educators need to guarantee both training opportunities and
patient’s safety at once. In this scenario cadaver labs, which remains the gold stan-
dard to explore the human anatomy and train young surgeons, represent generally a
very limited timeframe in the whole surgical curriculum. Among the traditional
limits to the diffusion of cadaveric dissection, the most important is related, intui-
tively, to costs. This issue of neurosurgical training is particularly delicate for
LMICs (low- to middle-income countries) are concerned. In these areas of the
world, there is a severe shortage of neurosurgeons due to educational costs with a
calculated volume of about five million patients who will never undergo their neces-
sary surgical procedures [2—4].

The Dawn of New Ideas

While coming from a similar background, the first and senior authors (FN and
GN) were at different points of their career when they first got together to dis-
cuss a new idea. With hundreds of surgical cases performed and 10 years of
surgical practice as consultant, GN had the ability to easily translate all the
information derived from neuroimaging anatomy and pathology into the operat-
ing room. As a new practitioner in the neurosurgery residency, FN had, on the
other hand, the will and the passion to explore this complicated universe and to
infuse a fresh approach and contamination of 3D technologies to conceive new
ways to speed up this long learning process. The mix of their two points of view
was fundamental to pave the way of a new approach in teaching and learning
neurosurgery.

Being versed in computational thinking, FN’s very first step was to explore the
world of digital segmentation and reconstruction of medical images for both normal
and pathological neurosurgical anatomy. It almost immediately became clear that
the comprehension of neurosurgical anatomy and, specifically, of the surgical cor-
ridors was clearly enhanced by the tridimensional digital reconstruction.

With such good premises, the collaboration of the two soon gave the desired
results: a new software was developed for the evaluation of best approach to
cerebello-pontine angle tumors which would later became the title of FN’s final
residency program thesis. However, their main focus was again the visualization of
tridimensional neurosurgical anatomy, and, thanks to the intuition to apply photo-
grammetry (the process through which three-dimensional measurements can be
extracted from two-dimensional data) to surgical scenarios and generating a virtual
and explorable intraoperative surgical field [5, 6], the result was not long in coming.

At that time, there was a global interest toward the rapidly spreading 3D printing
technology which gave the hint to create an in-house lab and reproduce patient-
specific bony structures with operative planning purposes. Through this process,
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they moved to deal with the patient-specific soft tissue designing a 3D-printed mold
(anegative) where a silicon mixture was dropped to obtain a very realistic and, more
important, patient-specific brain surface.

The first initial self-made prototypes, with the hybridization of digital and physi-
cal products, made clear to the two “inventors” that they were on the right path: they
understood that global technologies and the Internet were so advanced that also a
purely scientific group could upgrade its daily educational activities without passing
through medical companies and in a completely novel way. The combination of
accurate and detailed tridimensional digital images, faithful physical models, and
strong scientific bases would constitute the main pillar of a new vision in neurosur-
gery where teaching and learning would become easily available, more effective,
and accurate. Thanks to the deep knowledge of the needs, they identified a learning
process of mental, hybrid, and manual training and a series of technologies poten-
tially able to cover these three stages.

The Challenge: Creating a Team and a Developing Process

The excitement for the new idea and the perspective of new potential projects to
follow soon gave way to the awareness that it was time to transform passion into a
solid object that could have an impact on future generations of neurosurgeons. To do
so, a working team had to be put together to manage the project in an organized
process. The ambition to succeed set very strong assumptions from the very begin-
ning: the end users — the neurosurgeons — would also be designers of the project.
This was undoubtedly one of the most interesting and potentially successful aspect
of the project. In fact, by leveraging their neurosurgical background, they were able
to pick up-to-date and verified scientific references and to collect textbooks, anat-
omy lab pictures, and intraoperative videos. An enthusiastic pool of medical stu-
dents and residents happily joined the project and helped in organizing the content
(many of them are still members of the UpSurgeOn scientific team). On the other
hand, the digital content development needed strong professional developers and
3D artists to reach the highest level of accuracy and usability. By the same logic,
new tools for neurosurgical training should have been accessible globally. In other
words, they needed to develop mobile-based 3D technologies to allow portability
and widespread diffusion.

Given the dimension of the starting vision, they soon understood the importance
of a financial support, and so they decided to self-finance the project and hire devel-
opers and digital artists. After few months the project had a name: UpSurgeOn. It
comes from the fusion of “upsurge” and “surgeon,” and it encompasses the whole
message and spirit of the enterprise, giving the neurosurgical community a burst.
The scientific team (“ST”) and the developing team (DT”) started immediately
working together under the new name following what will be the “7-Step Scientific
Modelling” process which is still at the core of all the developing processes of
UpSurgeOn (see Fig. 21.1).
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Fig. 21.1 A schematic representation of the productive and developing process named “7-Steps
Process.” ST scientific team, DT developing team

On January 30, 2017, the first educational app was released: 3D Skull Atlas. 3D
Skull Atlas was engineered with innovative technologies to offer the most impres-
sive 3D educational experience ever: three different visualization modes provide
tools to explode, isolate, customize view, and arrange the bones. But there’s more:
hundreds of labels and descriptions from the scientific literature offered the widest
bibliography ever seen in an anatomy app. With more than 700,000 downloads, the
app in now a huge success.

The Times and the Spaces: Evolving Toward a Company

As the project grew quickly, it was evident that to achieve its objectives, they had to
level up. In their restless journey, FN and GN realized that ambitious projects do not
easily find financial support in Italy which is, on the contrary, a country where
imagination, creativity, and ability to act upon the problem are strongest. In this
environment, they eventually met a person who radically changed their approach
and their vision, allowing the necessary change. With more than 30-year experience
in project management and start-up development, PR brought a pragmatic approach,
and his contribution gave an extraordinary burst to the project. At this point, they all
decided to ambitiously apply to Horizon 2020, the most important research and
innovation program within the EU. The application selection to the grant was
extremely rigorous, but, thanks to the team’s hard work and dedication, they finally
entered the competition. The project they presented was named UpSurgeOn
Academy and was a completely new way of conceiving simulation. The foundation
of the project is based on the assumption that the standard education, traditionally
affected by a gap between theoretical knowledge and practice, could benefit from a
hybrid educational platform provided by digital and physical hi-tech and low-cost
technologies to support mental and manual training. The simulation prototype was
conceived starting from the assumption that reproducing entire cranial anatomy
implies high production costs and, hence, a limited accessibility. The new simulator
was the first ever “hybrid simulator” (physical plus augmented reality) engineered
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to allow the exploration of a restricted cranial volume (approach) from the skull to
the internal neuroanatomy, in an extremely detailed manner. Superficial anatomy
was digitally “augmented” by 3D virtual animated models representing all the steps,
from skin to bone. In this way the extracranial surgical phases were digitally repre-
sented for a visuospatial training, while the craniotomy and the intracranial contents
were physically explored by the interaction with life-like materials. In other words,
the user touches what he needs to touch and sees, virtually, what he only needs to
see. The modular engineering with universal components (common to all the ele-
ments of the series) and specific components (specific of an element of the series)
represents an additional innovation. Such organized approach enabled the switch
from a surgical scenario to another by just changing only the specific components
and maintaining the universal ones. This strategy reduces the costs, in line with the
global need of innovative instruments capable to provide additional support to neu-
rosurgical training even for settings with limited facilities, e.g., LMICs (low- to
middle-income countries).

In July 2019 they succeeded and received a grant from the EU. From that moment
on UpSurgeOn forever changed its aspect (Www.upsurgeon.com).

What Is UpSurgeOn Now and Where Is It Going to?

Since the awarding of H2020 project grant, UpSurgeOn has been expanding as a
company; more than ten people have been hired to develop the 7-Step Scientific
Modeling process with speed and accuracy.

In the UpSurgeOn laboratory, the scientific team continuously interact with the
technical interdisciplinary team (developers, digital artists, modelers, bioengineers,
and expert in materials are working) to develop the in-house process technologies
for both virtual and physical simulation. Before the publication of this book, we
have delivered a brand new neuroanatomy app which is the evolution of 3D Skull
Atlas, this time with an ultra-detailed intracranial anatomy (from dura mater to
nerves, veins, artery, and so on). Furthermore, the first hybrid Neurosimulator is
available on smartphone and tablet and allows to digitally train on nine different
cranial approaches (pterional, mini pterional, frontal, supraorbital, temporal, mini
temporal, retrosigmoid, mini retrosigmoid, fronto-parietal). This app also interacts
through AR with the physical models to help the users have a life-like experience
with excellent tactile feedback and the opportunity to better visualize and explore
intracranial tridimensional anatomy (Figs. 21.2 and 21.3).

Thanks to these instruments, UpSurgeOn promotes a novel cognitive and psy-
chomotor training based on a triple categorization: anatomy (knowledge of three-
dimensional anatomy); skills (knowledge of specific skills) and execution of
operating techniques (craniotomy, suture, catheter insertion, etc.); and procedures
(knowledge of operating procedures conceived as a logical sequence of actions and
steps [e.g., patient positioning, craniotomy, approach to pathology, closure, etc.]).
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Fig. 21.2 This picture shows the simulation box (in this case pterional approach). The model
allows to perform craniotomy and explore the ultrarealistic intracranial anatomy, via a smartphone
used as magnifier or a surgical loupe

Pterional approach

Fig. 21.3 An example of how augmented reality app can help explore those parts of the anatomy
that are not reproduced in the physical module

According to the funding principles of the absolute importance of strong scien-
tific bases, the UpSurgeOn team continues to broaden and strengthen the endorse-
ment by scientific institutions at global scale and to collaborate with companies
interested in new surgical training methods.
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For some months now we have been working with Global Neuro (globalneuro.
org), the largest training institution for neurosurgery in Europe. Global Neuro, as
many other companies affected by SARS-COVID-19 pandemic emergency, had
to convert its classroom courses into a new way of doing distance learning. The
working team, formed by the Global Neuro’s scientific committee and UpSurgeOn
founders, has realized that training needs, now more than ever, a revolution to
distribute knowledge and to export surgical excellence skills in any socioeco-
nomic context. By understanding and embracing the potential of the cadaver-free
training revolution, Global Neuro is now developing a series of training modules
(based on the UpSurgeOn platform technology) that will allow distance learning
delivered by international masters who can teach neuroanatomy and neurosurgi-
cal procedures through the UpSurgeOn Academy. These learning modules are
composed by a virtual part delivered through 3D apps and a physical part exe-
cuted on a “cadaver-like” brainbox. This new learning methodology will be
delivered directly to neurosurgery schools or to individual users, at their own
homes, located anywhere in the world. This is a completely new training para-
digm that has revolutionary potential and represents new hope for developing
countries.

Conclusion and Perspectives

It’s a fact that, as for many other start-ups (medical and nonmedical), the diffi-
culty to raise interest and to fight skepticism is the rule rather than the excep-
tion. Nevertheless, we had the chance to find many young people who
overwhelmed us with enthusiasm and positive energy. We also injected into the
project a solid vision of the future derived not only by the competencies and the
expertise in neurosurgery but also by the need of a deep change in training para-
digms. It is interesting to note that while struggling to find financial support in
Italy, we discovered extraordinary abilities and know how available at relatively
low costs.

UpSurgeOn is rapidly gaining consensus from both academic institutions and
company interested in developing a brand new way to create and deliver new train-
ing procedures [7, 8]. This training model shifts the traditional paradigm that con-
siders theory and practice as two consecutive steps with no specific path. The
presence between these two cornerstones of an intensive cognitive and psychomotor
simulation step represents a natural educational and cultural evolution of modern
surgery.

Neurosurgery has been the starting point due to the founders’ background.
However, such a robust, scientifically validated, and technically sophisticated
method can easily be applied to other surgical disciplines in order to expand the
exploitation of such revolutionary simulation tools.
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Chapter 22
The Role of Nonprofit and Academic
Institutions in Global Neurosurgery

Anthony T. Fuller, Miguel A. Arraez, and Michael M. Haglund

Brief Historical Background

Before exploring the historical background, we must review the definition of global
neurosurgery if we are to have any hope of creating a representative timeline. In our
prior work [1, 2], and work by others [3, 4], global neurosurgery has been defined
as “an area for study, research, practice, and advocacy that places priority on improv-
ing health outcomes and achieving health equity for all people worldwide who are
affected by neurosurgical conditions or have a need for neurosurgical care.” Using
this as the definition, it is clear that global neurosurgery has been ongoing at least as
long as the field of neurosurgery has existed and that essentially all neurosurgery
everywhere could be encapsulated by this definition. In a series of exchanges in
World Neurosurgery [5—7] prompted by the emergence of global neurosurgery as an
emergent term in the past few years, the definition of global neurosurgery was
addressed. Ultimately, the conclusion appeared to be that no matter if the term
global neurosurgery is used or not, if we are to address the inequities present in
neurosurgical care worldwide, we must collaborate. We wholeheartedly agree; thus,
we highlight collaborative efforts throughout this chapter.

In light of the above discussion, it is nearly impossible to fully agree when non-
profit and academic institutions began contributing to global neurosurgery
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Table 22.1 Global neurosurgery strategies and their definitions

Strategy Definition

Surgical camps Collaborations with a primary focus on the delivery of
neurosurgical care to populations in need

Education Collaborations with a primary focus on increasing the knowledge
and skills of the current neurosurgical care providers

Training Collaborations with a primary focus on increasing the number of
neurosurgical care providers

Research Collaborations with a primary focus on using various research
methods to scientifically explore neurosurgery topics

Health system Collaborations with a primary focus on improving the health

strengthening, health policy, | system drivers that impact the delivery of safe, affordable,

and advocacy accessible, and high-quality neurosurgical care

collaborations. Our team within Duke Global Neurosurgery and Neurology (DGNN)
published a scoping review of global neurosurgery collaborations which identified
collaborations dating back to the 1960s [1]. This paper with a more recent publica-
tion [2] will serve as guideposts within this chapter. Much of the “Current Status”
section draws heavily upon our work cited above.

For our purposes, global neurosurgery collaborations fall into five broad strate-
gies (Table 22.1).

Our five strategies above reflect both the overarching historical timeline of global
neurosurgery and the primary goals and drivers of global neurosurgery collaborations.
Most of the early collaborations focused on the provision of neurosurgery to popula-
tions in need, which allows collaborators to immediately care for neurosurgical
patients. Recent collaborations have focused on improving the health system infra-
structure which allows neurosurgery collaborators to work holistically to meet the
current burden. All five strategies are needed within global neurosurgery given the
magnitude of the problem and the need for balancing short-term and long-term needs.

Current Status

Surgical Camps

Worldwide there are over five million people in need of neurosurgical care beyond
the current capacity [8]. The primary driver of the inability to perform enough oper-
ations differs from country to country although a few key challenges are common to
most locations. These include lack of neurosurgeons, inequitable in-country distri-
bution of neurosurgical care facilities, a high volume of trauma cases overwhelming
the ability of neurosurgeons to perform other operations, inaccessible surgical
equipment needed for cases, and lack of necessary consumables to perform cases
safely. Surgical camps are an expeditious way to provide care in places around the
world that face the challenges outlined above.
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At the most basic level, neurosurgery surgical camps provide neurosurgery to
those in need wherever that need exists. The earliest method for surgical camps, one
that is still used frequently today, involves a single neurosurgeon (or a small neuro-
surgery team) traveling and providing surgical services for a short period of time.
Henry Marsh’s work in Ukraine that started in 1992 is a perfect example [9, 10].
Marsh’s Ukrainian efforts represent the core elements of individual surgical camps:
(1) exposure to inequities drives action; (2) taking personal time, effort, and finances
to travel and perform surgery; (3) repeated trips, usually on an annual basis; and (4)
developing a strong partnership with the local neurosurgeon(s) and hospital. A few
examples of other efforts include Alessandro Olivi and Ben Carson’s trips to Ghana,
Nigeria, and Kenya [11]; Alfredo Quifiones and Michael Lawton’s trips to Mexico
and the Philippines [12]; Paul Young and Jose Piquer’s trips to Kenya and Tanzania
[13]; Peter Nakaji’s trips to Tanzania, Peru, Ecuador, and Nicaragua [14]; Charlie
Teo’s work in Peru, Indonesia, and Vietnam?7 [15, 16]; and Robert Dempsey’s work
in Ecuador and Kenya [17]. There are many more neurosurgeons worldwide that see
the current suffering that exists and decide to act by offering their surgical expertise.
Some of them decide to develop new collaborations on an individual level while
others seek out existing collaborations.

Individual neurosurgeons’ efforts have motivated institutions to develop institu-
tionally backed surgical camps which allow for a broader scale and the promise of
sustainability. The Co-Pilot Project [18] and International Neurosurgical Children’s
Association [19] are two programs that currently work in Ukraine helping to pro-
vide neurosurgical care with an added emphasis on education and training of local
practitioners. Another example of an institutional program is Project Shunt out of
the University of Michigan, which has been going to Guatemala since 1997 and
exists as a partnership between the Departments of Neurosurgery, Anesthesia, and
Operating Rooms [20]. The program out of the University of Toronto is one of the
larger endeavors globally with over 25 surgical camps to various hospitals in
Indonesia, Ethiopia, Kenya, Zambia, Nigeria, Ukraine, Cambodia, and Ghana [21].

Adding to the diversity are neurosurgery surgical camps sponsored and sup-
ported by various NGOs/foundations, nonprofit organizations, missionary groups,
and corporations. Chaine de I’Espoir (Chain of Hope- Europe) is a network of
around six European NGOs that provide surgical care to populations in need across
the globe, and some of their work, like in Cambodia, focuses on neurosurgery
patients [22]. World Medical Missions, which is part of the larger missionary orga-
nization Samaritan’s Purse, helps plan and link interested providers with medical
and surgical camps around the world [23]. Some of their offerings include surgical
camps for neurosurgeons, like their partnership with Tenwek Hospital in Bomet,
Kenya, which has been developing their neurosurgery capacity in recent years and
examining outcomes [24]. Tenwek Hospital has also set up post-residency program,
which was most recently filled by William Copeland. Medical device companies
have also pitched in with some, like Nuvasive, developing foundations or corporate
responsibility departments that support global neurosurgical work. The Nuvasive
Spine Foundation has in recent years annually supported nearly 20 trips to all parts
of the world [25].
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Education

Surgical camps fulfill a direct medical need, and it cannot be denied that many
patients that would have died otherwise are now living fulfilling lives due to these
camps. This does not overshadow the variety of fundamental concerns levied at
surgical camps spanning from the lack of attention to follow-up care after the camp
is over to the perpetuation of colonialism due to camps promoting an image that
outside neurosurgeons are “better”” than the ones in the country. Many, if not all, of
the surgical camps listed above have responded to these concerns by broadening
their efforts to include components like the education and training of local providers.

Education is a central tenet for developing long-term, sustainable solutions to the
issues faced in global neurosurgery. In defining this strategy of global neurosurgery
engagement, we must differentiate education from formal training in neurosurgery.
Education in this context is defined by interventions that focus on skills transfer,
teaching medical students/residents/neurosurgeons about specific conditions by
giving lectures, and providing educational materials like books, pamphlets, and vid-
eos. Global neurosurgery education programs seek to improve the quality of care
that is provided in the country through sharing and improving knowledge. This is
distinct from training, which is a formal process meant to increase the number of
neurosurgeons or neurosurgery capable professionals in the country.

A common scenario faced in global neurosurgery is a hospital that has one neu-
rosurgeon operating in less than ideal conditions, usually in an operating room
shared with other specialties. The neurosurgeon likely completed their formal train-
ing outside of their home country and chose to return. In this setting, education not
only for the neurosurgeons but also for the other healthcare providers and staff
becomes important for a variety of reasons.

First, many of the neurosurgeons have been operating below their level of train-
ing due to resource limitations. This means that even formally trained neurosur-
geons require some level of education and skills transfer when global neurosurgery
efforts bring modern equipment that they haven’t used in years or ever [26].

Second, education of the next generation of interested students becomes exceed-
ingly challenging when you are the only neurosurgeon in your district, region, or
country. Global neurosurgery programs allow interested students to learn and
become interested in neurosurgery, and many have lecture series embedded that
discuss common neurosurgical conditions and management. An example of this
type of program is the Weill Cornell Medicine Neurosurgery Mission in Tanzania,
founded in 2008 by Roger Hirtl, which has added training components to their trips
in addition to setting up a fellowship cosponsored by Fundacién NED (Neurocirugia
Educacion y DeSarrollo), a nonprofit organization based in Valencia, Spain, and
supported by Paul Young, José Piquer, and Mubashir Mahmood Qureshi [17, 27].

Third, many LMICs have limited access to educational materials like books,
operative videos, and other educational platforms so an important facet of some
programs is donating and setting up access to these materials to all interested pro-
viders and students. The education of biomedical engineers and techs is also part of
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some programs as maintenance of donated equipment and supplies is vital to impact
beyond the surgical camps [27]. Lastly, extremely complex cases and “first-ever in
the country” cases are common during surgical camps; thus the education of neuro-
surgeons through skills transfer during the case is the only way to create competen-
cies so that those procedures can be performed outside of surgical camps.
Additionally, due to the need for complex medical management and the short-term
nature of many trips, education on postoperative follow-up is imperative for suc-
cessful neurosurgical outcomes.

Training

Training more neurosurgeons and neurosurgery-capable providers is the only solu-
tion to increase the number of providers to close the gap in the neurosurgeon to
population ratio. Global neurosurgery engages in training through the development
of visiting residencies or fellowships, development of in-country residency or fel-
lowship programs, and formalized neurosurgical skills transfer to other healthcare
professionals to develop their ability to care for neurosurgery patients.

The University of Toronto has been training neurosurgeons from around the
world as part of their Neuro-oncology and Skull Base Surgery Fellowship at the
Toronto Western Hospital since 2010 [21]. This fellowship is a 1-year program that
allows the visiting trainee to be exposed to and to learn the latest techniques and
then return to their home country. A similar fellowship in pediatric neurosurgery has
been established at the Hospital for Sick Children [28]. Brain drain is a common
criticism brought against these types of programs, and while evidence implicating
any one program is scarce, the phenomenon is undeniably present.

One way to address the concern of brain drain is to develop long-term, collabora-
tive, in-country training programs. An example of such a program is the collabora-
tion between Project Medishare and the Global Institute of the University of Miami
Miller School of Medicine (UMMSM). They have developed a program in Haiti to
train general surgeons to become neurosurgeons [29]. Other training programs have
been developed by a neurosurgeon moving to another country and working with the
local team and partners to develop training programs. Benjamin Warf in Mbale,
Uganda, and A. Leland Albright in Kijabe, Kenya, are two perfect examples of neu-
rosurgeons who decided to do just that. Benjamin Warf in partnership with CURE
International helped develop a pediatric neurosurgery training program in Uganda,
which now has visiting trainees from across Africa [30]. Warf’s work additionally
led to advancements in the care of hydrocephalus patients, which are being applied
globally [31-34]. A. Leland Albright was able to accomplish a similar feat in Kijabe,
Kenya, accompanied by his wife Susan Ferson, a pediatric neurosurgery nurse prac-
titioner. They moved to Kijabe, Kenya, in 2010 and helped care for patients while
developing a training program for pediatric neurosurgeons [35-38]. Both of these
efforts exemplify what can be accomplished in global neurosurgery with motivated
global neurosurgeons and outstanding in-country neurosurgeons and partnerships.
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The Foundation for International Education in Neurological Surgery (FIENS)
has been promoting the training of neurosurgeons on a global scale since 1969 [39,
40]. FIENS has made a tremendous impact in Central America, South America,
Asia, and most recently in Africa, due to the past leadership of Merwyn Bagan and
the current leadership of Robert Dempsey. An important distinction of the work
FIENS has engaged in has been its emphasis on the development of in-country resi-
dencies/fellowships to train neurosurgeons. Providing in-country opportunities for
neurosurgery training is a massive step toward decreasing the gap and creating a
sustainable future for neurosurgery. The Neurosurgical Training Program of East
Africa led by Moody Qureshi from Kenya and approved through the College of
Surgeons of East, Central, and Southern Africa (COSECSA) has developed neuro-
surgery training programs in Ethiopia, Kenya, Tanzania, and Uganda [41]. Our
group, Duke Global Neurosurgery and Neurology, helps support the Uganda pro-
gram, which started in 2009, and to date, we have trained five Ugandans to become
neurosurgeons, graduated the first woman neurosurgeon, and have ten more resi-
dents in the program [42]. In Ethiopia, the neurosurgery training program has been
incredibly successful at increasing the number of neurosurgeons and the number of
neurosurgery cases performed and has been supported since 2004 through a partner-
ship between the University of Bergen, Haukeland University Hospital, the Black
Lion Specialized Hospital, and a private hospital in Addis Ababa [43].

The Foundation of the World Federation of Neurosurgical Societies (WFNS) was
created in 2000 by Professor Majid Sami, who made a personal donation of $10,000,
and Professor Gerardo Martin Rodriguez. Its mission focuses on three goals. First,
the foundation provides training and support for the postgraduate education of
young neurosurgeons in developing countries. Second, it provides travel scholar-
ships to young neurosurgeons to attend educational courses and fellowships. Third,
it provides high-quality, low-cost instrument sets and equipment to neurosurgeons
in developing countries. The latter is done in partnership with medical companies
(Aesculap, Carl Zeiss, Storz, Xi Zhan) contributing to this efforts by providing
instruments and equipment free of charge. The WENS Foundation has partnered
with academic and governmental institution to create WENS training centers in
LMIC where young neurosurgeons can be trained in the same continent where they
will practice. The first of such centers was established in 2002 in Rabat (Morocco).
For the past 20 years, many African neurosurgery resident from the sub-Sahara
regions have been trained with full financial support by the WFNS Foundation.
These trainees have successfully returned to their sub-Sahara countries after train-
ing was completed [44]. Additionally, the WFNS Foundation has established oppor-
tunities in over 30 training centers around the world where young neurosurgeons
from LMIC can seek short training experiences with full room and board support,
including a small stipend (https://www.wfns.org/training-centers).

Task-shifting or training an entry-level provider to do very specific tasks has
been widely used throughout global health and has advocates within global surgery
due to its expediency and cost implications. Faced with a neurosurgeon ratio gap
that is nearly impossible to close rapidly, the length of time it takes to fully train a
neurosurgeon, and the increased incidence of traumatic brain injuries requiring
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care, global neurosurgery strategies have included task-shifting as a necessary com-
ponent. Led by Dilan Ellegala, a successful task-shifting model described as “train
forward” has had great success in Tanzania through an organization called Madaktari
Africa whose mission is to “advance medical expertise and care in sub-Saharan
Africa through the training and education of local medical personnel.” [45, 46].
While this model may not be applicable in all countries, using a “train-the-trainer”
model and having neurosurgeons teach general surgeons how to perform basic
trauma neurosurgery procedures is a viable solution to increase not only capacity
but decentralize neurosurgical care, which is usually localized to major city centers.

Research

There has been a rapid expansion in the number of dedicated global neurosurgery
research articles in the past two decades. Article topics range from defining the cur-
rent capacity and burden of neurosurgery globally to examining the impact of spe-
cific global neurosurgery interventions. The increased emphasis on research
corresponds to the need to define the field and identify the most effective strategies
for expanding access and improving the quality of neurosurgery care. Additionally,
as the number of people interested in global neurosurgery increases in tandem with
additional neurosurgeons globally, there are new opportunities for neurosurgeons to
focus on academic pursuits alongside clinical work. Research collaborations help to
answer important scientific questions while directly and indirectly impacting
research capacity in-country.

A central research aim in any area of scientific inquiry is to understand the magni-
tude of the problem. For global neurosurgery, the central problem is the total number
of neurosurgeons and the number of people requiring neurosurgery worldwide. There
were initial efforts to define the problem regionally such as the work by El Khamlichi
in 2001 defining the number of neurosurgeons in Africa [47], prior to the seminal work
published by Dewan et al. [8] which highlights the problem at a global level. The initial
paper by Dewan et al. has led to the establishment of a global collaboration to update
the burden and workforce data regularly as well as articles exploring global trends [48].
Using the results as a starting point, global neurosurgery collaborations can begin to set
specific goals for their efforts and assess their impact against these goals.

Our group, DGNN, has made research a core component of our global neurosur-
gery efforts in combination with our other core components: service and training
[49]. In collaboration with our in-country partners, we have established a research
plan that encompasses quantitative and qualitative methods with full-country proj-
ects to single-intervention assessments. Since our founding in 2014, we have pub-
lished over 50 peer-reviewed manuscripts that have helped shape neurosurgery and
neurology care in Uganda. Through this work, we have established ongoing neuro-
surgery patient registries, improved in-hospital neurosurgery outcomes, and have
begun exploring innovative solutions to challenges inherent to providing neurosur-
gery care in Uganda. Most importantly, we have involved Ugandan neurosurgeons,
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neurologists, and other researchers in these efforts throughout and have trained
Ugandan students in research methodologies. It is our ultimate goal to have all of
the neurosurgery trainees in Uganda participate in research projects as part of their
residency and fellowship experiences.

Health System Strengthening, Health Policy, and Advocacy

The expert global opinion is shifting within global health beyond vertical projects to
horizontal projects that aim to address the underlying issues within the health sys-
tem [50]. This change has occurred partly because noncommunicable diseases and
chronic conditions cannot be solved by the traditional global health approaches
applied to infectious disease. Global neurosurgery work falls within this mind-set
shift, as surgery provision in its best form requires a well-functioning health system
[50]. Within the past 5-10 years, more neurosurgery groups are broadening their
scope to include health system strengthening projects, examining health care policy,
and advocating at national and international levels. This strategy of global neurosur-
gery focuses on the system of care surrounding neurosurgeons and their patients.
While there are more programs domestically and abroad, we wanted to highlight the
Global Neurosurgery Initiative (GNI) within the Program in Global Surgery and
Social Change (PGSSC) at Harvard University.

PGSSC is a collaborative effort between the Harvard teaching hospitals, the
Department of Global Health and Social Medicine at Harvard Medical School,
Boston Children’s Hospital, and Partners In Health [8]. PGSSC’s primary objective
is to advocate for universal access to safe, affordable surgical, obstetric, and anes-
thesia care when needed. The Global Neurosurgery Initiative (GNI) exists within
PGSSC’s framework and focuses on research, policy, and advocacy within global
neurosurgery. Ongoing work from GNI includes pediatric neurosurgical training in
Mbale, Uganda; research examining health policy and economic implications for
global neurosurgery; and global surveys examining neurosurgeon perspectives and
current capacity in LMICs which is being done in partnership with the World
Federation of Neurosurgical Societies (WFNS) and the National Institute for Health
Research (NIHR) Global Health Research Group on Neurotrauma. GNI focuses on
advocacy at the global level through participation in various international confer-
ences, World Health Organization sponsored events, country-level Ministry of
Health discussions, and through the dissemination of their work through opinion
articles, Twitter, podcasts, and news station interviews.

Future Opportunities and Unmet Needs

Collaboration as mentioned at the start of this chapter is at the heart of global neu-
rosurgery nonprofit and academic institutional efforts. Tremendous progress has
been made; nevertheless, for global neurosurgery to fully realize its aims, the field
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remains with unmet needs and ample opportunities for improvement in each of the
strategies outlined.

Surgical Camps

Common criticisms of surgical camps are that they are not fully planned with the
in-country team in mind, prioritize camp attendee’s education instead of the local
team, bring unnecessary and sometimes useless supplies and equipment, and lack
attention to follow-up care. Each of these critics is valid in varying degrees to a
majority of ongoing neurosurgical camp collaborations. An increased emphasis on
pre-camp planning and sharing of best practices will help address these concerns.

Pre-camp planning should begin well in advance of the trip and if possible at least
4—6 months prior to the trip. This amount of time ensures that the in-country team has
adequate time to identify the most pressing needs and the best time for the hospital to
host the camp. Many surgical camps are able to provide neurosurgery to a large num-
ber of patients in a short period of time, but if not planned in advance, the local hos-
pital may not have the opportunity to alert the other departments that a camp is
happening. This can lead to the neurosurgery camp straining the local resources from
anesthesia providers, oxygen and blood supplies, and intensive care unit space.

Pre-camp planning can also address not only the local needs for neurosurgical
care but also the educational needs for the local healthcare providers. Identifying
these needs in advance allows the camp team to select cases that aid the local neu-
rosurgeons and residents improving their skills to manage those cases outside of
camp. Additionally, this allows the visiting team to tailor educational lectures or
other materials to discuss while the team is in the country. Often the education of the
nursing, intensive care unit, and equipment maintenance staff is overlooked during
camps despite the high correlation of good outcomes associated with these staff
being well trained. With this added emphasis on in-camp education, it becomes
clear that the local educational needs supersede those of the visiting team.

Many surgical camps bring with them neurosurgical equipment, supplies, and
consumables most of which is in dire need to safely perform the camp operations.
Unfortunately, pervasive intellectual concepts such as “anything is better than noth-
ing” and “I’'m sure they need this” cause many camps to bring equipment and sup-
plies in excess of what is truly needed. Advanced discussions are needed to agree on
the local needs, how to procure the equipment and supplies in the country, how
equipment will be maintained and serviced prior to and upon arrival, and what the
plan is for sustainable access to necessary consumables.

There are an abundance of other best practices that neurosurgery camps have
implemented over the years leading to successful camps and long-term collabora-
tions. Within our field, we must create a central location to learn about the workings
of different neurosurgery camps as well as use this location to share best practices
and other helpful materials. Currently, it is an arduous task to find the specifics or
even know where to find details if you are planning your own neurosurgical camp
or hoping to improve your existing camp. Apart from scrapping small clues from
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journal articles and online descriptions, neurosurgeons interested in surgical camps
are left with contacting the key people involved and hoping for a response. We must
also develop a standardized approach for monitoring and evaluating our efforts to
identify areas in need of improvement. A helpful resource to begin this effort would
be for all current neurosurgery camp programs to either use The Framework for the
Assessment of InteRNational Surgical Success (FAIRNeSS) to evaluate their pro-
grams [51] or for current programs to work collaboratively to develop a neurosurgery-
tailored, standardized assessment tool. These evaluations could then be submitted
and undergo peer review prior to becoming accessible in a central location online.

Education

In addition to the educational initiatives during surgical camps outlined above, edu-
cation of the current neurosurgical workforce has additional needs. These needs
include full access to the most current books, articles, videos, and online platforms;
attention to the educational needs beyond the neurosurgeons; and developing an
environment that promotes learning.

Access to the most up-to-date and innovative learning resources is taken as a
given in many parts of the world that have academic and other institutions that pay
exorbitant institutional licensing fees for educational materials. This cost-influenced
divide leads individuals in many countries to either deal with subpar, outdated edu-
cational materials or rely upon alternative means of access, typically collaborators
providing them access. While it may not be possible overnight to change licensing
agreements, global neurosurgery collaborators should make it a priority to advocate
at their institutions for full access to the same educational materials for all of their
in-country partners.

Neurosurgery is supported by a host of other important healthcare providers and
hospital staff. Their education is essential to effective preoperative, in-hospital,
postoperative, and post-hospital management of patients to achieve the best out-
comes for our patients. Thus, increased attention, beyond surgical camps, is needed
for these other key contributors. An excellent starting place is the nursing staff on
the wards, in the operating theaters, and in the intensive care unit. Improving the
education of these nurses will allow for a substantial portion of the improved out-
comes mentioned earlier to be achieved.

One of the many things that the COVID-19 global pandemic exposed for those
that were unaware was that your learning environment matters. For many neurosur-
gery trainees, their learning environment is inadequate due to limited space for
uninterrupted studying, unreliable Internet access, and strenuous clinical loads that
do not take into account study time. Global neurosurgery collaborators must work
together to develop innovative approaches to set up space for trainees to study, pro-
vide them reliable access to the Internet and the means and devices to connect, and
work to carve out educational time into the clinical schedules for trainees.
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The massive shortage of neurosurgeons worldwide is critical, especially in light of
the rapidly increasing populations in some countries. Many countries may not even
have a fully trained neurosurgeon capable of training the next generation. In order
to start a program, the needed requirements include trainers whether in country or
from outside academic institutions. Besides the program leadership, there is a great
need for institutional support, appropriate equipment, supply chains, and intensive
care, step-down, and floor nursing and allied professional care such as occupational
and physical therapy, and placement abilities.

Tailored curricular development is important, and the foundational learning
opportunities are available through the World Federation of Neurological Surgeons
(WENS) and the FIENS. Also, many societies such as the Congress of Neurological
Surgeons, Senior Society of Neurological Surgeons, and the American Association
of Neurological provide significant online learning opportunities. The ACGME
Milestones and Residency Review in Neurological Surgery as part of the ACGME
in the United States have specific milestones of progression that should occur
throughout training. Live online learning experiences for surgical training are grow-
ing with Aaron Cohen-Gadol’s Virtual Neurosurgery Atlas (https://www.neurosur-
gicalatlas.com) which provides live OR demonstrations that would be important for
the trainees to view and learn about more complex procedures.

Paid positions must also be available for graduates upon training completion or
programs run the risk of their graduates leaving the country. Graduates unable to
find a position in their home country may leave to neighboring countries or to the
USA or the UK. Successful placement of neurosurgeons depends on the Ministry of
Health and other governmental agencies being willing to fund the positions. Training
programs must develop and cultivate relationships with the Ministry of Health dur-
ing the early stages to avoid brain drain.

Research

Research is a valuable aspect of global neurosurgery for its ability to define the size
of the problem, its contributions to knowledge, and for the advancement of innova-
tive ideas that can be tested prior to implementation. Advanced research methods
and techniques are only recently beginning to take hold in global neurosurgery col-
laborations. We still need to create central data repositories, develop research oppor-
tunities for local trainees and interested collaborators, and promote grant funding
mechanisms that do not require a US or European collaborator to access.
Standardized data repositories hold incredible promise because they allow
researchers to utilize the most recent advances in computational efficiency and sta-
tistical methods to answer previously unanswerable questions. In global neurosur-
gery, there are current ongoing efforts to develop a global system to track the number
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of neurosurgeons and burden along with efforts to establish standardized metrics for
tracking traumatic brain injury outcomes. These are important first steps and help
set the stage for global neurosurgery researchers to think big and develop methods
that help us to securely share data to answer questions that one center or one country
is unable to answer.

Neurosurgery training programs need to include opportunities for trainees to learn
research skills and time for them to explore a specific research question. Understandably,
this may not be possible in all circumstances given resource constraints and the need
for clinical management of excessive caseloads can be done by allotting dedicated
research time within the current training paradigm or expanding the length of training
for interested trainees. Providing training in neurosurgery research is an incredibly
important step to help address the often-cited problem that many global neurosurgery
articles are published with US or European first and/or senior authors. Building the
local research capacity allows for research questions to better align with local needs
and for the local researchers to position themselves better for academic posts. This
added attention to research skill development, which would need to include grant writ-
ing, would allow for local researchers to be better positioned for grant funding. As the
local research capacity increases, a concordant increase should occur in the number of
grants offered that do not require US or European collaborators. This point cannot be
overemphasized given that many high-quality researchers are unable to access grant
funding unless they have a US or European collaborator.

Health System Strengthening, Health Policy, and Advocacy

Health system strengthening must be central to our discussions about global neuro-
surgery if we are to have any hope of achieving our lofty goals. It is impossible to
deliver accessible, safe, affordable, and high-quality neurosurgical care to all those in
need without a well-functioning health system. Neurosurgery patients rely on sur-
geons to work closely with radiologists, anesthesiologists, nurses, rehabilitation pro-
fessionals, and many others in the health system to decrease morbidity and improve
their chance of survival. All of this then additionally needs to be delivered in a way
that doesn’t cause patients and their families catastrophic healthcare expenditures.
When the problem is positioned in this way, it is clear that the only hope is that global
neurosurgery efforts begin to collaborate with each other as well as with other global
surgery and broader global health efforts. Some of this work has already begun with
multiple conferences dedicated to global neurosurgery and global neurosurgery dedi-
cated sessions at international neurosurgery and global health conferences.
Healthcare delivery is inextricably linked to policy at the national and interna-
tional levels. With this in mind, global neurosurgery goals must begin to be inte-
grated into policy that impacts the delivery of neurosurgical care. The World Health
Organization plays a key role internationally in informing policy, and having indi-
viduals like neurosurgeon Dr. Walter Johnson, who leads the WHO’s Emergency &
Essential Surgical Care Programme, is important for bringing global neurosurgery
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into these conversations. Another avenue is through the development of National
Surgical, Obstetric and Anesthesia Plans (NSOAPs), an idea that was first pitched
by the Lancet Commission of Global Surgery and has been pushed forward by part-
nerships with Ministries of Health and PGSSC. Another policy topic that is impor-
tant for global neurosurgery to work on is helping curb the impact of road traffic
accidents through improved road infrastructure and helmet laws.

Beyond policy work, there is a need for advocacy efforts within global neurosur-
gery aligned with the current decolonization of global health movement. As already
mentioned in this chapter, there is a need for our field to advocate for full, open
access to educational materials, increase equity in the grant process, and consider
equity in all of our efforts. There are a few things that we should be able to imple-
ment immediately. With our conferences, we should shift their locations to be posi-
tioned with equitable accessibility in mind, we should ensure that every panel
discussion promotes the voices of the local collaborators, and we should provide
free access to conference presentations and materials for those unable to attend.
During the COVID-19 pandemic, we have seen virtual conferences and new ways
of engagement setup for international conferences. These innovations must remain
a key pillar for planning conferences even as restrictions ease internationally. With
our research publications, we should position local collaborators to be first and
senior authors, we should work closely with our collaborators before developing
intervention ideas, and we should ensure that local trainees can participate in
research projects to build up their research skills. These ideas are already being
implemented, in part, around the world; however, we must never forget that we must
keep the concepts of equity and decolonization at the forefront of our decision-
making and iterative evaluation processes.

Conclusion

In summary, collaboration is the central theme for the development of impactful and
sustainable global neurosurgery academic and nonprofit partnerships. The passion
to bring this to fruition needs all sides to be dedicated to seeing it through and for
open and honest communication about goals. There are many difficult roadblocks to
overcome, but we believe that the many examples in this chapter serve as templates
to accomplishing the extraordinary goal of decreasing the global neurosurgery ineq-
uity that exists.
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Chapter 23 )
The World Health Organization b
and Neurosurgery

Walter D. Johnson, Emmanuel M. Makasa, S. William A. Gunn,
and Meena N. Cherian

Historical Background

In the immediate aftermath of the Second World War, diplomats met to establish the
United Nations (UN), which officially came into existence on October 24, 1945.
This organization was founded by 51 countries “committed to maintaining interna-
tional peace and security, developing friendly relations among nations and promot-
ing social progress, better living standards and human rights” [1].

That same year, the UN Conference on International Organizations was held in
San Francisco, California, resolved to establish a new international health organiza-
tion, and the International Health Conference in New York crafted and approved the
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Constitution of the World Health Organization (WHO). Between 1946 and 1948 an
Interim Commission, comprised of 18 states, took over the work of L’Office
International d’Hygiene Publique (European Health Commission), the original
Health Organization of the League of Nations in Geneva, Switzerland, and the
Health Division of the UN Relief and Rehabilitation Administration. Enough signa-
tures were obtained, and the WHO Constitution came into force on 7 April 1948 —a
date we now celebrate each year as World Health Day [2].

The first World Health Assembly (WHA) was held in Geneva in 1948 (Fig. 23.1),
establishing as priorities the following: malaria, tuberculosis, venereal diseases,
maternal and child health, sanitary engineering, and nutrition, as well as wide-
ranging disease prevention and control efforts against yaws, endemic syphilis, lep-
rosy, and trachoma. The original annual budget was US$5 million.

The WHO is the health technical arm of the UN, with core functions that include
providing leadership on crucial health matters, setting the research agenda for gener-
ating and disseminating valuable knowledge, creating standards and guidelines, artic-
ulating ethical and evidence-based policies, providing technical support to build
sustainable health system capacity, and monitoring health situations and assessing
health trends [3]. The WHA, currently comprised of 194 health ministers representing
all Member States (countries) of the UN, is the governing body of WHO, which sets
the global health agenda, creates mandates for WHO’s work, and elects the director-
general (D-G). This body sets the what, how, how long, and with what means pro-
grams are conducted by WHO through resolutions and decisions. To facilitate
activities of the WHA, an executive board (EB), made up of 36 Member States, cre-
ates a more nimble executive function, sets the WHA agenda, including proposed
resolutions and decisions. While WHA meets each May, the EB meets twice yearly [4].

The EB prepares the provisional agenda of each regular session of the WHA after
consideration of proposals submitted by Member States and the D-G. The EB then
includes on this provisional agenda (among other things): (a) the annual report of the
D-G on the ongoing work of WHO; (b) all items that the WHA has, in a previous

WHO EESC Timeline
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session, ordered to be included; (c) any items pertaining to the budget for the next
financial period and to reports on the accounts for the preceding year or period; (d)
any item proposed by a Member State or by an Associate Member; (e) subject to such
preliminary consultation as may be necessary between the D-G and the secretary-
general of the UN, any item proposed by the UN; and (f) any item proposed by any
other organization of the UN system with which WHO has entered into effective
relations. The EB may recommend to the WHA the deferral of any item under (d),
(e), or (f) above. Member States can, under exceptional circumstances, introduce a
new item for consideration by the WHA prior to or during its seating [5].

An agenda item that is considered by the EB and WHA is traditionally accompa-
nied by a WHO Secretariat report and can be proposed for (i) notation only, (ii)
consideration with an associated resolution, or (iii) consideration with an associated
decision. The text of the resolution is drafted through negotiated consensus by
Member States under the principle of “Nothing is agreed until everything is agreed.”
During these negotiations, the WHO Secretariat prepares an associated agenda item
report for consideration by the EB or WHA but only supports this process with edit-
ing and recording of ongoing progress. While voting is a legal option, WHA resolu-
tions are traditionally adopted by consensus during the WHA. Non-state actors in
official relations with WHO are invited to comment on the record and register their
positions on any agenda item under consideration during the EB and WHA, after
WHO and Member States have made their statements.

Resolutions are proposals that are brought forward and championed by a Member
State or group of Member States and are formal expressions of the opinion or will
of the WHA, bearing operative mandates for both Member States and WHO
Secretariat through the D-G. WHA resolutions also reflect the views of the Member
States, provide policy recommendations, assign mandates to the WHO Secretariat,
and decide on all questions regarding the WHO budget. Decisions are another type
of formal action taken by WHA bodies and often concern procedural matters such
as elections, appointments, time, and place of future sessions. Decisions bear man-
dates for the WHO Secretariat through the director-general only, but none for
Member States as is the case with resolutions. Decisions may also be used to record
the adoption of a text representing the consensus a given scientific committee or
technical working group. WHA resolutions and decisions have the same legal sta-
tus. Except for decisions regarding payments to the regular WHO budgets, resolu-
tions and decisions are not binding on Member States. However, the implementation
of all policy recommendations contained in resolutions and decisions is the respon-
sibility of each Member State.

The WHO headquarters is located in Geneva, Switzerland; the work is divided
between six world regions and implemented through regional offices, namely,
Africa (Brazzaville, Congo), Americas (Washington, DC, USA, originally the Pan
American Health Organization (PAHO), established in 1902), Eastern Mediterranean
(Cairo, Egypt), European (Copenhagen, Denmark), Southeast Asia (Delhi, India),
and Western Pacific (Manila, Philippines). Each Regional Office is primarily
responsive to the country offices within that region; there are over 150 country
offices in total [4].
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The first surgeon to serve at WHO was Dr S William A Gunn (author), a Canadian
surgeon who began the WHO global disaster care program in 1967. Dr Gunn is
credited with coining the term “essential surgery” to identify those procedures that
covered the basic surgical needs of most global populations. During his tenure at
WHO, Dr Gunn greatly influenced his friend and third D-G, Dr Halfdan T Mabhler,
as to the importance of essential surgical care within the primary care framework of
Alma Ata. Gunn is also recognized as significantly contributing to Mahler’s oft-
quoted speech Surgery and Health for All, given at the 1980 International College
of Surgeons meeting in Mexico City [6].

The WHO Emergency and Essential Surgical Care (EESC) Programme was initi-
ated in 2004 under the direction of Dr Meena N Cherian (author) [7]. Early accom-
plishments included publication of the manual Surgical Care at the District
Hospital, followed by various publications leading to a better understanding of the
importance of strengthening essential surgical and anesthesia services in district and
subdistrict levels of care in low- and middle-income countries (LMICs) [8]. The
WHO Global Initiative for Emergency and Essential Surgical Care, a global forum
of multidisciplinary stakeholders, was established in 2005 for collaborations on
knowledge and resources for evidence-based policies and practices to reduce the
burden of death and disability through access to safe and timely surgical care and
anesthesia, particularly within more vulnerable populations [9]. Furthermore, two
global databases were created: WHO global database of surgical and anesthesia care
service delivery at various levels of health facilities in LMICs through a combina-
tion facility and service delivery assessment tool and a WHO global database on
surgical workforce. These databases have been utilized into many significant manu-
scripts establishing a baseline of care in many LMICs [10-12].

Additionally, key collaborative projects with various WHO programs and other
UN agencies involved access to safe surgical care within a wide range of disease
burdens and the development of safety checklists (including the WHO Surgical
Safety Checklist, 2008), priority medical devices, essential medicines, health work-
force, quality health service in universal health coverage (UHC), neglected tropical
diseases, and the best practices in the care of children, women, and adults [13].

Historically, WHO has been primarily focused on the prevention, treatment, and
reduction of morbidity and mortality of communicable diseases, maternal and child-
hood diseases, and those incurred during humanitarian emergencies and crises.
Celebrated among these is the massively successful effort to entirely eradicate
smallpox in 1980. However, over the past decade, the global epidemiological profile
has rapidly changed to where communicable diseases are being eclipsed by
noncommunicable diseases (NCDs), primarily cancer, heart and cerebrovascular
diseases, diabetes, chronic respiratory illnesses, mental illness, and injuries. Current
global cancer deaths of around 10 million (2018) are predicted to triple to
13 million by 2030, with 75% occurring in LMICs. This has necessitated a pro-
tracted change in WHO priorities and budgets and occasioned a major paradigm
shift which is ongoing. This dramatic trend conveys a rapid and parallel increased
demand for surgical care globally [14, 15].
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For the first time, WHO’s World Health Report 2008: Primary Health Care (Now
More Than Ever) included surgical care as a critical component of the primary care
hub of coordination and networking within the community to ensure comprehensive
responsibility for that population [16].

Since that time, the importance of surgical care (and notably neurosurgical care)
within the context of UHC has been increasingly highlighted within WHO’s agenda
in response to worldwide demands on how surgical care issues impact global health
and place a huge strain on health systems, particularly by the urgent needs of the
communities during disasters and emergencies.

Modern History

In January 2015, the UN introduced the Sustainable Development Goals (SDGs),
with expectations of at least partial fulfillment by 2030. Within Goal 3, fo ensure
healthy lives and promote wellbeing for all at all ages, includes at least four targets
which will never be achieved without safe, timely, and affordable surgical care and
anesthesia: SDG 3.1, reduce maternal mortality rate; SDG 3.2, reduce preventable
newborn and under 5 years of age mortality; SDG 3.4, reduce by one third prema-
ture deaths from NCDs; and SDG 3.6, reduce by one half deaths and injuries from
road traffic accidents (mandated to be fulfilled by 2020) [17].

Later in 2015, three timely events occurred in rapid succession: (1) the Lancet
Commission on Global Surgery (LCoGS) [18]; (2) Disease Control Priorities 3rd
Edition, Volume | Essential Surgery, which laid out the economic case for surgical
care [19]; and (3) WHA resolution 68.15 on strengthening emergency and essential
surgical care as a component of universal health coverage, endorsed unanimously
by every Member State and provided the political impetus toward making this a
global priority [20]. This resolution, the first specifically to focus on surgical care
and anesthesia care, incorporated several specific initiatives: (1) advocacy and
resource development; (2) service delivery — access to care and service integration;
(3) information management — data acquisition, analysis, and ongoing monitoring;
(4) essential medicines; (5) health workforce — training, credentialing, competence,
and oversight; and (6) report back to the WHA on progress of the resolution in
2 years. For first time surgical indicators were included in the WHO Global
Reference List of 100 Core Health Indicators, 2015 [21].

The LCoGS created immense global awareness and impact with five key mes-
sages (Table 23.1). This publication fundamentally transformed the understanding
and working paradigm of global surgical care, highlighting the needs, particularly
in the poorest and most vulnerable populations, of drastically improving surgical
healthcare service delivery [18].

In 2018, for the first time, surgical care was mentioned in the WHO Global
Programme of Work 13, the WHO stated list of agenda priorities for a 5-year
interval [22].
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Table 23.1 The Lancet Commission on global surgery’s five key messages [18]

5 billion people on this planet do not have access to safe, timely and affordable surgical care
and anesthesia

Of 313 million surgeries performed each year, only 6.5% occur in the world’s poorest one third
of countries; 143 million additional surgeries are needed each year above current capacity to
adequately avert death and disability

33 million individuals suffer catastrophic financial burden following surgical care and
anesthesia, which rises to 81 million when including indirect costs

Investing in surgical care and anesthesia is affordable, reduces mortality, and stimulates national
economic growth

Surgical care and anesthesia are integral components of UHC

Current Status

Partnerships with WHO Surgery

Partnerships are critically important in global efforts to promote health, sustainabil-
ity, and development. In fact, the final goal incorporated into both the UN’s
Millennium Development Goals and their replacement, the SDGs, is partnerships
where joint action is needed: economic, technology, capacity building, trade, and
system development.

Currently, there is one full-time position within the WHO EESC Programme.
Considering that surgical care and anesthesia involve some aspect of virtually all
other WHO departments, that roughly 30% of the global burden of disease includes
surgical care, and the sheer magnitude of all global aspects this care encompasses,
necessitates that WHO EESC Programme maintain strong partnerships with health
ministries, professional societies, academia, and the nongovernment sectors. These
critical partnerships provide not only human resources but project assistance, politi-
cal influence, and much needed input on local/regional priorities and contexts.

Within WHO, there were few departments that did not connect in some manner
with the EESC Programme. However, several stand out as close partners on specific
projects, and practically all have some bearing on neurosurgical conditions [23].
These are summarized in Table 23.2.

Maternal, Newborn, Child, and Adolescent Health This large department part-
nered on key obstetric surgical issues, such as C-sections and obstructed labor, post-
partum hemorrhage, safe abortions, obstetric fistula, and sterilization, among other
topics. All aspects of children’s surgery, including all subspecialty areas, regarding
congenital malformations, injuries, and other common surgical conditions of
childhood.

Violence and Injury Prevention This group had the strongest ties with surgeons
through trauma surgery networks and working groups. Of particular interest were
trauma systems, guidelines, checklists, and protocols. This is of critical importance
to low-resource settings as poorer countries have higher injury death rates than
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Table 23.2 Summary of major WHO departments partnered with the Emergency and Essential
Surgical Care (EESC) Programme. See text for details

WHO EESC Programme major internal partners

Maternal, newborn, child, and adolescent health

Violence and injury prevention

Disability and rehabilitation

HIV/AIDS and neglected tropical diseases

Noncommunicable diseases, including surgical oncology

Primary care, including integrated patient-centered health services
Health workforce

Health economics and health policy

higher-income countries. Additionally, 90% of the world’s fatalities occur in LMICs,
even though these countries have only about half of the world’s vehicles. Estimates
from DCP-3 project that 68% of the burden of avertable deaths in LMICs are due to
injury and could be prevented by scaling up basic surgical care delivery at the first-
referral hospital.

This group, in partnership with US Centre for Disease Control and Prevention
(CDC), published Standards for the Surveillance of Neurotrauma (1995), as well as
developed the WHO Helmet Initiative.

Disability and Rehabilitation Although this group is small, rehabilitation is virtu-
ally nonexistent for the majority of populations in the global south but is being
increasingly viewed as a critical need, especially for recovery from injury, stroke,
and surgical care. Within this group are also those working in blindness and deaf-
ness prevention, treatment, and recovery.

HIV/AIDS and Neglected Tropical Diseases
The main topics of overlap were the following:

e HIV/AIDS: evidence has grown that male circumcision reduces the hetero-
sexual transmission of HIV by 60%. Male circumcision is now a common
procedure in much of the world and is emphasized in this preventive capac-
ity. Surgical techniques and guidelines were developed and implemented.

e Lymphatic filariasis: within the “filariasis belt” there remain millions of
individuals that suffer from the obstructive lymphedema resulting from
this parasite. Clinical manifestations include elephantiasis or lymphedema
of the lower extremity and lymphedema of the scrotum.

* Ebola/Marburg viral disease: with each outbreak of Ebola virus disease
(EVD), surgical teams have been among those most seriously affected.
One positive EVD surgical patient has been witnessed to infect up to eight
members of a surgical team in which most or all die. The use of personal
protective equipment cannot be overemphasized and every precaution
undertaken.
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Noncommunicable Diseases Surgical Oncology: within cancer care for solid
tumors, surgical excision has been shown to contribute most to overall survival and
at the lowest cost when compared with adjunctive chemotherapy or radiation. These
latter two modalities are often completely unavailable in the LMICs due to out-of-
pocket expenses and the lack of relevant medication or equipment.

Stroke in the developing world: this group were strong partners in global stroke
work and will be discussed further below.

Surgical care of diabetic patients: although diabetes mellitus is not considered a
surgical disease, the secondary manifestations frequently require surgical care.
Given the large global numbers of diabetic patients, this creates overwhelming
demand on surgical services.

Primary Care This group has official relations with WONCA, the World
Organization of National Colleges, Academies and Academic Associations of
General Practitioners/Family Physicians. In partnership with WONCA, surgical
care models were developed within the primary care framework, attempting to
conform to Alma Ata Declaration of 1978 and the more recent Declaration of
Astana [24]. In rural areas of Australia, Canada, and the USA, some primary care/
family medicine doctors undergo an additional specialty training for 1 year,
allowing them to practice higher-level surgical, obstetric, or anesthesia care, thus
greatly reducing the need for long-distance transfers for relatively routine care.
Developing similar skills training into primary care/family medicine curriculum
in LMICs is one method of building healthcare workforce for surgical services.
Highlighted in primary care is the concept of integrated people-centered health
services.

Health Workforce This department partnered to quantify the surgical, anesthesia,
and obstetric workforce worldwide and placing this information on the WHO Global
Health Observatory.

Health Economics and Policy These individuals worked to uncover out-of-pocket
expenses and greatly assisted in the development of National Surgical, Obstetric,
and Anesthesia Plans.

Official partnerships with WHO fall under two main categories: WHO collabo-
rating centers (CCs) and non-state actors (NSA) in official relations with WHO
[25]. WHO CCs assist WHO in particular niches of expertise and providing crucial
technical guidance within those areas. Current WHO CCs on surgical and anesthe-
sia care include:

1. Ulaanbaatar, Mongolia: National Health Sciences University of Mongolia,
Department of Surgery, expertise in distance learning and quality initiatives

2. Ontario, Canada: University of Western Ontario (Western University),
Department of Anesthesia’s Medical Evidence, Decision Integrity, Clinical
Impact (MEDICI) Center, expertise in perioperative care and outcomes

3. Mumbai, India: Bhabha Atomic Research Center (BARC) Hospital, Surgical
Services, expertise in access to surgical oncology service delivery in remote areas
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4. Lund, Sweden: Lund University, Department of Paediatrics (Surgery), expertise
in global surgical workforce data collection and evaluation

5. Boston, MA, USA: Harvard University, Program in Global Surgery and Social
Change, expertise in national surgical health policy, implementation, and out-
comes; and 6. Bogotd, Colombia, Universidad El Bosque, expertise in traumatic
brain injury.

Non-state actors in official relations with WHO are nongovernmental organiza-
tions that allow a certain number of individuals in that organization access to the
WHA and EB meetings [25]. These individuals may make comments on the floor of
the assembly in support or against legislation that is under discussion but cannot
vote. It also allows access to key individuals that may be able to assist the NSA in
their worldwide endeavors, through influence, politics, or resource development.
Examples of NSA supported by WHO EESC (with headquarters):

1. World Federation of Neurosurgical Societies (WFNS) (Nyon, Switzerland)

2. World Federation of Societies of Anesthesiologists (London, UK)

3. International Society of Orthopaedic Surgery and Traumatology (SICOT)
(Brussels, Belgium)

4. International Federation of Surgical Colleges (London, UK)

5. International College of Surgeons (Chicago, IL, USA)

Lastly, professional societies were strong partners worldwide. Each region has
surgical societies that were deeply involved with professional advancement, creden-
tialing, training programs, and quality initiatives. While not with specific official
relations with WHO, these organizations contributed greatly to the WHO EESC
Programme, especially through north-south collaborative efforts, such as twinning
programs and training exercises. Examples of these organizations include the
American Association of Neurological Surgeons, College of Surgeons of East,
Central and Southern Africa, Pan-African Association of Neurosurgical Societies,
and The Foundation for International Education in Neurological Surgery.

Most recent accomplishments of the WHO EESC Programme include com-
pletion of:

1. WHO Global Guidelines for the Prevention of Transmission of Ebola or Marburg
Virus During Surgery and Invasive Procedures, with a decision-making algo-
rithm to advise policy and all personnel involved with any procedures (awaiting
final approval)

2. WHO surgical approaches to the urogenital manifestations of lymphatic filaria-

sis: report from an informal consultation among experts [26]

Optimal Resources for Children’s Surgery [27]

4. World Health Organization — World Federation of Societies of Anesthesiologists
(WHO-WFSA) International Standards for a Safe Practice of Anesthesia [28]

5. WHO Guideline on Voluntary Medical Male Circumcision for HIV
Prevention [29]

6. WHO consultation to define priority medical devices for cardiovascular disease,
diabetes and stroke management targeting low- and middle-income settings [30]

(O8]
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WHO and Neurosurgery

The overwhelming neurosurgical issues at WHO are traumatic brain and spine injuries
and stroke. Traumatic Brain Injury (TBI) is among the most lethal injury in every coun-
try on the globe. Many of these injuries are low-velocity injuries that could be easily
and successfully treated with excellent outcomes if there were capable local healthcare
facilities and trained neurosurgical workforce. Most frequently, however, facilities are
long distances away, transportation is limited, imaging is unavailable, out-of-pocket
expenses high, and neurosurgeons are nonexistent, not to mention lack of integrated
health services, ICUs, and ventilators. These necessities of basic neurosurgical care can
also be applied to all other uniquely neurosurgical pathologies, such as hydrocephalus,
tumors, degenerative spine disorders, and children’s neurosurgery.

WHO has long been involved in reducing the global injuries through programs
and publications such as WHO Helmet Initiative, Trauma Checklist, Standards for
Surveillance in Neurotrauma, Guidelines for Essential Trauma Care, and
Strengthening Care for the Injured, among many others [31].

Several aspects of neurosurgical care are included within the scope of WHO’s man-
dates of work. However, building a service delivery platform that can deliver over several
diagnoses and specialties is preferable and more sustainable than working within the silos
of a single diagnosis or a single entity such as surgery. Building healthcare system capac-
ity is predicated on several factors, which will be highlighted individually.

Stroke is rapidly becoming one of the most common causes of death, particularly
in LMICs. The current available data shows that 75% strokes occur in LMICs and that
87% of the burden of disability and death is borne by LMICs. In LMICs, stroke inci-
dence has more than doubled in the past four decades while being reduced by 42% in
high-income countries. On average, strokes in LMICs occur 15 years of age younger,
generally at times ages of peak productivity. Furthermore, there is a higher incidence
of hemorrhage, at least 34% in LMICs vs 9% in the USA. Stroke is now one of top
three causes of death in almost every country, a glaring reality that primary prevention
has failed. In LMICs there is largely no rehabilitation to successfully reintegrate
patients back into daily life. Stroke also creates economic catastrophe for individual
and families, as well as having a huge impact on a country’s socioeconomic develop-
ment. As stroke is no respecter of rank or person, stroke can have a devastating toll on
leadership within institutions and create political instability [32].

Children’s Neurosurgery

The unique challenges of operating on children are several, including (1) higher
risks due to smaller body size and blood volume, (2) distinctive pathologies (con-
genital malformations, etc.), (3) children inability to afford surgery, and (4) in dem-
ocratic societies children do not vote and therefore remain a “silent” population. For
these reasons (and likely others), surgeons not specifically trained in pediatric surgi-
cal specialties are often reluctant to operate on children. However, in sub-Saharan
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Africa (SSA), currently on average, 43% of the populations are under the age of 15;
in many of these countries the numbers approach 50% or higher. Children are a
highly vulnerable population for surgical issues, particularly injuries such as road
traffic accidents as passengers or pedestrians, burns, falls, drownings, or violence. It
is estimated that 85% of children require some type of surgical intervention by the
age of 15 years; thus the gap in surgical care delivery to this population is enormous.

Pediatric neurosurgery is massively engulfed within the vortex of this trend. In
many countries, there are no trained pediatric neurosurgeons (PNS); in SSA, the
average in LICs is 1 PNS/30 million population, with a global need for approxi-
mately 4680 additional PNSs [33].

Health Facilities

In many countries, local, first-level hospitals may lack 24-h electricity and running
water. Furthermore, these facilities are most often staffed by young non-specialist
doctors that have only completed an internship and are not in these remote areas by
choice; without adequate backup or experience, many are reluctant to be very bold
in their treatments. Referral hospitals are some distant away, and transportation is
unavailable or too costly for almost all patients. Typically, these hospitals do not
provide food or laundry services to patients in attempts at reducing costs, and family
members are counted on to provide some basic-level bedside care for the patient.

Access to even basic healthcare is often lacking due to lack of local facilities and
services, paucity of skilled healthcare providers, high out-of-pocket expenses, and/
or lack of trust in the local hospital.

Health Systems

Integrated health systems that cover the majority of populations are often lacking in
LMIC:s. First-level referral hospitals (district hospitals) frequently do not have the
trust of the local population so many patients opt first to seek care at the tertiary care
hospitals, creating severe backlog in cases and dramatic delays in care. If a patient
is seen at a district or regional hospital, but requires advanced level surgical care,
timely access to higher levels of care is problematic due to costs, case backlog, and
lack of transportation. Integrated care for cancer, cardiac, and cerebrovascular
events (among many others) are problematic in both preoperative and postoperative
care, including rehabilitation.

Medical Equipment

Imaging capabilities are sparse and generally unaffordable. Recent evidence shows
that there are, on average, 0.32 CT scanners per 1 million population in LIC as com-
pared with 42 CT scanners per 1 million in high-income countries (HIC). Disparity



336 W. D. Johnson et al.

is apparent in that MRI/CT scanners per million population in HICs such as Japan
55/111, US 38/17, and Switzerland 23/14 (2019). In low-income countries, MRI/
CT scanners per million population range from 0.04/0.63 to 0/0. In these areas,
sonography is becoming the imaging modality of choice due to low cost of purchase
and relative low maintenance requirements [34].

Intraoperative and postoperative monitoring are a major issue globally. Disparity
in monitoring devices translates directly to higher mortality and morbidity rates
[35]. Pulse oximetry is a significance advance as it is becoming standard of care
worldwide [25].

Neurosurgical operative equipment, such as drills, instruments, and microscopes,
are severely lacking in LMICs and can hamper those trained neurosurgeons in their
surgical capacity [36].

Essential Medicines

Every 2 years since its origin in 1977, WHO updates a Model List of Essential
Medicines; current versions are the 21st WHO Essential Medicines List and the 7th
WHO Essential Medicines List for Children updated in June 2019. The current
volume includes an additional 28 drugs for adults and 23 for children as either core
or complementary drugs, with the removal of 9 drugs. Additionally, indications and
formulations for listed drugs are updated. These updates are based on the recom-
mendations of the relevant expert committee. Of importance to neurosurgeons, in
this volume includes the addition of Alteplase for thrombolytic therapy [37].

Worldwide, there is an enormous lack of availability of antiepileptic medica-
tions, antibiotics, adjuvant therapy for cancer, thrombolytic therapy, and adequate
analgesia. Much of this is due to poverty but also to counterfeit drugs, inefficient
supply chains, and fraud.

Health Workforce/Training Programs

The global neurosurgical workforce is very limited in LMICs. Estimates for
unmet neurosurgical capacity worldwide are that more than 23,000 additional
neurosurgeons are needed to provide more than 5 million essential neurosurgical
cases occurring in low- and middle-income countries, particularly in Africa and
Southeast Asia. Academic, university-based, primarily north-south twinning pro-
grams (dyads) aimed at improving knowledge transfer between providers and
institutions are becoming more common, as are residency and fellowship pro-
grams within LMICs and those offered by WENS. Concerns regarding finished
trainees immigrating to high-income countries remains, for the most part,
unfounded, as those training in LMICs tend to stay where they trained or return
to their home country [36].
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Catastrophic Expenditures

Out-of-pocket expenses cause massive amounts of catastrophic financial situations
for millions each year. From the LCoGS, estimates point to 36 million individuals
experiencing catastrophic health expenditures due to surgical care and anesthesia,
with this number increasing to 81 million if indirect costs are included, such as food
and travel, lost wages, etc. [18]. In many countries, any discussion of surgery will
include a list of supplies which is given to the family to purchase prior to surgery:
items such as gloves, antibiotics, dressings, anesthetics and analgesics, and even
surgical hardware. This is due to these supplies simply being unavailable at the
hospital. Frequently, this necessitates purchase on the black market.

National Health Policy

The LCoGS first suggested the incorporation of National Surgical, Obstetric, and
Anesthesia Plans (NSOAP) as an embedded component of each country’s national
health policy, strategy, or plan, to address capacity building of surgical care service
delivery platforms. Without a formal policy, strategy, or plan, governments are ill-
equipped to improve healthcare, as they are left without a suitable roadmap and
political impetus for these changes.

The NSOAP pillars include (1) service delivery; (2) infrastructure, products, and
technology; (3) health workforce; (4) information management; (5) finances; and
(6) governance and leadership. Although each pillar is rather broad, each NSOAP
attempts to define this in more focused terms based on local contexts, so that each
NSOAP is specifically tailored to that Member State’s priorities and resources. It is
also highly dependent on local champions.

Several NSOAPs have been developed at country level, and planning workshops
on NSOAP development have been carried out. However, implementation is an even
greater challenge than developing an NSOAP, even with appropriate government
commitments and resources. This process is ongoing in several Member States.
Along with strong partnerships, WHO has been actively involved in this process
[38, 39].

Future Opportunities/Unmet Needs

Given the increasing emphasis on and the demand for surgical services within
national governments, WHO, and the WHO regional offices, there are opportunities
to develop surgical healthcare policies, develop significantly more training opportu-
nities, and strengthen healthcare systems, including adequate infrastructure, infor-
mation management, financing, governance, and partnerships.
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There is especially increasing interest in forming north-south or south-south
partnerships (dyads) between academic programs for both technical skills training
and for research opportunities. While current trends are rightly demanding decolo-
nization reforms for all global health work, the demand exists for forming partner-
ships that value equity, cultural humility, and protect the two-way dynamic that
should exist in these scenarios (among other issues) [40—42].

The constant challenge at WHO is chronic and persistent underfunding. The
annual base budget of WHO is less than many US state’s Departments of Health
budget and is approximately one-fourth of the annual base budget of the US CDC
[43, 44]. This lack of sufficient funding dramatically reduces the effectiveness of
WHO technical programs and limits the effective of in-country work that is neces-
sary to achieve WHO’s stated global health mandates [3].

Further challenges to neurosurgical care specifically remain the ongoing chal-
lenges of access to safe, timely, and affordable care for much of the world’s popula-
tions and the development of an adequate, skilled, and available neurosurgical
workforce. One stated goal of WHO under the leadership of the current D-G, Dr
Tedros Adhanom Ghebreyesus, has been bringing 1 billion individuals under the
umbrella of UHC, which includes the provisions for financial risk protection for all
patients, including surgical patients and their families [45].

Finally, there are many issues related to WHO that are uniquely challenging. It is
a political organization that delivers technical products; sadly, at times, technical
output is heavily influenced by political forces. Also, any WHO recommendations
are simply that, as WHO has no facility for enforcement, either of policy or Member
State pledged contributions.

However, given the significant challenges, even failures of WHO at times, there
are also overwhelming successes. Retaining a global health body that convenes all
Member States, fulfills its stated core functions, and provides global leadership dur-
ing health crises is critical to promoting and ensuring global health. No other body
or Member State is capable of providing this coordinated leadership and commands
global respect; no other body will bring together all 194 ministers of health into an
international forum to set global health priorities and agendas. With the few excep-
tions of some high-income Member States, most LMICs look to WHO specifically
for those core functions and rely on WHO at all levels of the organization, but par-
ticularly the country office, which is viewed as an essential ally of the local health
ministry. WHO provides critical and essential resources for global health, and this
world would be far less healthy or stable without it.
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COVID-19 Impact on Clinical Neurosurgery

The advent of COVID-19 is dramatically changing how the world practices medi-
cine. An abundance of patients requiring hospitalization for acute respiratory man-
agement has strained the healthcare system, forcing all specialties, including
neurosurgery, to combat an unprecedented shift in patient prioritization, operative
risk management, workforce redistribution, and financial challenges.
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Prioritization

At the pandemic’s onset, hospitals around the globe mobilized strategic plans to
reduce non-COVID-related care in order to preserve resources for those with infec-
tion and to flatten the curve by decreasing contagion within the hospital [1-4]. The
surge of COVID-related acute respiratory distress syndrome and consequent need
for mechanical ventilation made hospital ventilator capacity a critical resource.
Given that operative interventions account for the majority of ventilator use within
the hospital, there were concerted efforts to reduce surgical volume. Consequently,
the neurosurgical community strived to establish important principles and guide-
lines for prioritization of neurosurgical operations [5, 6]. These discussions incor-
porated ethics, biology, health systems, and lessons learned from previous epidemics
like SARS [7]. The foundational question to be answered was if surgery could be
deferred without significant neurological deterioration or disease progression [5].
As elective operative time was restricted, hospital committees became responsible
for transparent decision-making processes regarding operative urgency, accounting
for factors such as disease pathology, patient symptomatology, and the possibility of
an equally effective alternative treatment. Under normal circumstances, physician
rationale for treatment approach typically follows Kantian or deontological ethical
theory, which favors the best possible treatment for the individual patient, regardless
of the ramifications to others. However, utilitarianism or consequentialist ethical
theory, which centers on treatment of many as opposed to individuals, often dictates
medical practice in global health crises like the current pandemic [5, 8].

During 2020, life-threatening conditions deemed to be neurosurgical emergen-
cies proceeded as usual across neurosurgical departments [9—11]. This included
cerebral hemorrhages (epidural, subdural, subarachnoid, and intraparenchymal),
acute hydrocephalus, spinal cord compression with neurological deficit, and cranial
and spinal trauma emergencies. The timing of surgical management of other less
urgent conditions varied. According to a recent US-based survey of leaders of 40
large academic neurosurgical programs, 62% had cancelled all nonurgent cases,
80% of respondents still preferred operating within 1-2 weeks for newly diagnosed
high-grade gliomas, whereas for presumed low-grade gliomas, half of respondents
monitored patients with imaging and symptoms [12]. Groups from Italy (Lombardy)
[8] and the USA (New York and Detroit) [16] attempted to categorize common pro-
cedures and pathologies by urgency to facilitate clinical decisions. The Italian group
classified oncological procedures in three categories: Class A++ comprised intra-
cranial or spinal tumors that require emergency treatment (severe intracranial hyper-
tension with declining level of consciousness, acute hydrocephalus, spinal cord
compression with evolving quadri or paraparesis); Class A+ comprised tumors that
need treatment within 1 week (intracranial tumors exerting mass effect with pro-
gressive neurological deficit, without declining level of consciousness); and Class A
comprised conditions needing treatment within a month (tumors with imaging sus-
picion of malignancy) [11]. An American group prioritized the relative urgency of
86 common neurosurgical scenarios from every subspecialty into 6 tiers and respec-
tive time frames, after a consensus that was achieved among 22 neurosurgeons (14
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from the New York and 8 from the Detroit metropolitan areas) using the Delphi
method [13]. As more time passed, the European Association of Neurosurgical
Societies put forth a unified guideline for triaging, which offered a three-tiered tri-
aging approach but importantly noted that different countries and regions would be
facing conditions that may differ greatly from one another and from day to day.
Thus, they advocated for assessments using contemporary knowledge of the evolv-
ing local, regional, and national conditions, which could result in significant differ-
ences in decision-making between regions [14].

As intended, hospital prioritization of COVID management and emergency cases
translated to dramatic decreases in neurosurgical case volume. For instance, at the
Toronto Western Hospital, neurosurgical cases decreased from 230 in January 2020
to 146 in March and 57 in April 2020, a reduction of 36% and 75%, respectively.
The subspecialties most affected were functional and spine with 80% and 73%
reduction, respectively, while oncology and vascular experienced fewer cancella-
tions, 50% and 40%, respectively. Triage schema for University of Toronto are pre-
sented in Fig. 24.1 [16]. Analogous case reduction was described in other large
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Fig. 24.1 Covid-19 neurosurgery case triage schema at the University of Toronto. Here, classified
according to the prioritization scheme published by Thomas et al. [13]. (a) Tier 2, intra-axial tumor
with neurological decline; treatment within 48 h. (b) Tier 3, cerebellopontine angle tumor with
hydro and/or brainstem compression; treatment within 1 week. (¢) Tier 4, intra-axial tumor without
shift; treatment within 2 weeks. (d) Tier 5, transsphenoidal approach for skull base lesion with
optic compression; treatment within 4 weeks
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North American and European institutes [6—8]. While nonurgent case cancellation
produced an intentional decrease in case volume, there were significant reductions
in the number of patients seeking neurosurgical care in the emergency department,
noted by University of Toronto as well as Mass General Hospital [11, 12].
Furthermore, there have been significant global increases in delayed neurosurgical
admissions during lockdowns and quarantine periods, as noted in Morocco [15].
Comparable declines occurred in in-person clinic visits across most neurosurgery
departments [7, 10]. This is suspected to result from fear of seeking care given risk
of inoculation onsite at the hospital. In contrast, telephone consultations and video
clinic visits gradually increased in number to cover patient care needs, discussed
further below [7]. Overall, prioritization during the pandemic forced neurosurgeons
to delay nonurgent and some urgent cases with hopes that it would help optimize
care delivery for COVID patients and reduce the risk of contagion in the hospital.
After the first wave of the virus passed, it has left a backlog of cases to address, but
a newfound appreciation for the possibility and ease of telehealth, which will likely
remain a core component of care going forward.

Preoperative Measures and Transformation of the OR

In addition to intentional decreasing of surgeries, the workflow and perioperative
systems also had to transform to apply measures aiming to mitigate the periopera-
tive spread of COVID-19 [16]. Once testing was more readily available, institu-
tional policies began dictating that all patients undergoing surgery had to be tested
for COVID-19 preoperatively. However, other institutions suggested that preopera-
tive COVID-19 testing of asymptomatic patients should be examined according the
local epidemiology and availability of testing resources [17]. This was particularly
important for low-income countries; however, given that at the time this chapter was
written 17.9% of infected individuals were believed to be asymptomatic carriers
[18], testing everyone if feasible could potentially decrease the spread.

The use of full personal protective equipment (PPE), such as N95 masks, gowns,
and gloves, by every health worker involved in neurosurgical operations was deemed
mandatory at many institutions, due to the aerosol-generating potential of most neu-
rosurgical operations (e.g., drilling; access to paranasal sinuses). Other groups have
suggested that for low-risk patients (tested negative and asymptomatic with no
recent travel history or contact with COVID positive patient), surgical masks and
droplet precautions should suffice [16]. Having a risk-stratified PPE approach could
safeguard PPE reserve in the context of worldwide shortages and particularly for
low-income countries. In some institutions or health systems there were “clean” and
“contaminated” patient pathways. In Toronto, specific operating rooms were
reserved for confirmed or suspicious COVID-19 patients, ideally with negative
pressure ventilation. Additionally, different nursing teams were assigned outside the
room for circulating and providing equipment as needed. They believed the number
of OR personnel and movement of personnel in and out of the OR should be kept at
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minimum. Paper charts were kept outside the OR, and monitors/machines were
covered in plastic wrap. A rigorous decontamination after COVID-19 cases was
also essential [16]. At Massachusetts General Hospital, all procedural consents
became verbal as opposed to written to avoid cross-contamination with pen and
paper handling. In Switzerland, Morocco, and other nations, certain buildings were
designated as “green zones” to allow for COVID-negative patient and provider care
to resume [15]. For each of these approaches, rigorous traffic control and attention
to infection status were required.

Intraoperative Considerations in Neurosurgery

Modifications of operative practice also took place in order to moderate the effect of
high-risk settings encountered in the neurosurgical OR. Local anesthesia or con-
scious sedation was increasingly preferred to general anesthesia, when feasible, in
order to avoid endotracheal intubation and extubation to limit aerosolization. Awake
fiberoptic intubation was avoided when possible. All nonessential staff were often
asked to exit the room during intubation and extubation [19]. At some institutions,
ORs were also closed to entry for 30 min after intubation and extubation to allow for
aerosolized particles to clear.

Operations implicating the respiratory tract, due to the high viral load [20], carry
significant risk of transmission. In neurosurgery, such procedures include endo-
scopic endonasal, transoral, and translabyrinthine approaches, as well as any crani-
otomy transgressing the frontal sinuses. Equally effective and safe alternative
approaches (e.g., pterional instead of endoscopic endonasal; retrosigmoid instead of
translabyrinthine) could be favored, or the surgery could be deferred to a later time,
when feasible.

A hypothetical and controversial risk in neurosurgery is the airborne transmis-
sion of COVID-19 following the use of aerosol-generating instruments such as
drills, monopolar cautery, lasers, and ultrasonic aspirators [17]. However, the infec-
tious potential of aerosolized particles is based on the hypothesis that they include
virions. Although this is proven for the respiratory and digestive tracts [20], this is
no longer believed to be the case for cerebrospinal fluid, central nervous system
(CNNS) tissue, or bone. As such, the recommendation to avoid or restrict the utiliza-
tion of the aforementioned instruments was deemed unnecessary by many [17].

Redeployment

As the influx of COVID-19 patients rose at each institution, hospital personnel had
to adapt to a new reality, and trainees and staff from both medical and surgical spe-
cialties worldwide had to be redeployed [9]. The reassignment of staff is a common,
often temporary, response to expand coverage in a crisis. With COVID-19, not only
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was there potential for discomfort from working in a foreign role but also suscepti-
bility to and fear of infection. In such challenging times, strategic health systems
approaches can facilitate timely access to safe and affordable care and provide reas-
surance that there is an element of control.

Task shifting and task sharing are workforce strategies that involve duty redistri-
bution [21]. Task shifting is transference of clinical autonomy from highly qualified
healthcare workers to those with shorter training and fewer qualifications. In con-
trast, task sharing uses tiered staffing models with collaborative teams of specialists
and less qualified groups who share clinical responsibility and rely on iterative com-
munication and training to preserve high-quality outcome. Ideally, hospitals requir-
ing redeployment of workers would use a task sharing approach that invokes a
three-phase model of training, practice, and maintenance (Fig. 24.2) [22, 23]. A
principal step in task reassignment is strategic identification of providers and redis-
tributing in a manner that minimizes “things to be learned” in order to satisfy the
“job to be done.” Once assigned, individuals should have a dedicated preparation
period and ideally a competency-based evaluation of readiness. Subsequently, the
practice phase should involve team-based care with tiered oversight to ensure indi-
viduals know who and when to ask for guidance when appropriate. Many neurosur-
gery residents were redeployed to work in COVID intensive care units, and
responsibilities ranged from assisting medical teams as a responding clinician to
facilitating procedures such as central lines and prone positioning. Others filled
shifts in testing clinics, and some were redeployed to work on medicine triage floors
or in the emergency ward. In institutions with a lower demand for workforce distri-
bution, plans for redeployment were developed but were not required. Still, many
residents took on new roles within their teams. Many hospitals developed systems
in which neurosurgical non-COVID-19 patients in the wards and intensive care unit
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(ICU) were managed with two available teams — one working in hospital and one
working from home. Where redeployment plans were not enacted, hospitals have
been encouraged to adequately train personnel in case of a second surge of
COVID-19.

The Rise in Telehealth for Outpatient Assessment
and Postoperative Follow-Up

While digital or telehealth services existed prior to the pandemic, uptake and inte-
gration into regular clinical practice had been slow, predominantly due to learning
curves, lower demand, and barriers in financial reimbursement [24]. However, the
need to deliver care while reducing the use of PPE and risk of viral transmission
with personal contact served as a catalyst for the exponential increases in telehealth.
Benefits for the patients include less cost and time of commuting, and no need for
missing work, while it can help neurosurgeons optimize their schedules [25]. A
recent systematic review of 52 neurosurgical studies (25 prospective and 27 retro-
spective; 13 in the USA, 39 in other countries) with 45,801 patients demonstrated
that 99.6% of visits were completed successfully [26]. Of the 0.4% of visits that
required subsequent appointments, 81.5% were due to technology failure, and
18.5% required further face-to-face evaluation or treatment. Regarding reimburse-
ment, 94.3% of telemedicine visits were billed using face-to-face procedural codes.
Overall, both patients and providers have seemed to enjoy this transition. In a study
of 596 neurosurgical patients who had telehealth visits at Michigan State University,
patients reported high satisfaction with the experience, providing an average rating
of 6.32 + 1.27 out of 7 [27]. Furthermore, telehealth visits have the potential to be
financially advantageous for patients. A study from Mayo Clinic on video telemedi-
cine rather than face-to-face clinic visits for postoperative follow-up showed that
patients saved an average of $888 per visit [28]. In-hospital telehealth options are
also being explored. In Kuala Lumpur, Malaysia, virtual and physical ward rounds
on neurocritical patients were conducted using smart glasses for an individual to
broadcast rounds to the team for 103 neurocritical care patients with high overall
inter-rater reliability [29].

More importantly, the potential of digital health for system improvement greatly
exceeds video phone calls, and COVID-19 emphasizes the need to invest in this
arena. Wearables and digital phenotyping can facilitate both active and passive data
collection for remote screening and monitoring of early symptoms to indicate when
a patient may need to seek higher levels of care. This technology has already been
tested in neurosurgical populations, such as monitoring for physical activity rates
and pain control with postoperative spine patients [30]. As such technology becomes
more prevalent in home monitoring for COVID symptoms, we as a neurosurgical
community should continue exploring remote management of our patients as well
and advocate for appropriate reimbursement for these efforts that account for the
value added to patient care.



348 A. Kalyvas et al.
Future Directions: Lessons Learned

At the present time, healthcare protocols and national quarantine regulations have
enabled countries around the globe to flatten the curve and begin resuming clinical
neurosurgery activity. The next steps of health policy will focus on dealing with the
backlog of the cancelled neurosurgical cases while maintaining a level of respon-
siveness in case of a new COVID-19 surge. The strategy should first accomplish the
return to “normal” neurosurgical practice with the overarching goal of reaching full
capacity. Some possible solutions would be to extend everyday operative hours and
running elective ORs during weekends. Resources should be appropriately allo-
cated — additional OR and ICU nurses should be employed, and additional ICU beds
should be created. These measures put a financial strain on health systems, espe-
cially in low-income countries; however, they can help boost surgical capacity as
well as create a well-prepared system for a future COVID-19 outbreak. Additionally,
widespread application of telemedicine is essential to reduce viral exposure. The
achieved improvements in digital health infrastructure and platforms can facilitate
more timely and cost-effective outpatient care that enhances value, particularly for
the patient. Even if we return to a COVID-free planet, these modes of practice will
likely persist.

COVID-19 Impact on Neurosurgery Education and Training

Similar to other medical and surgical specialties, the consequences of the COVID-19
pandemic on neurosurgery education and training cannot be understated. The expe-
riences of the neurosurgery residents, registrars, and fellows during the acute phase
of the pandemic have spurred multiple opinion pieces, letters to the editor, and sur-
vey studies conducted around the world [31-35]. Although the structure of the neu-
rosurgery training programs varies significantly among different countries and
regions, almost all neurosurgery departments have uniformly reported loss of train-
ing opportunities for young neurosurgeons. In a short span of time, adjustments had
to be made in order to sustain neurosurgery education while ensuring trainee safety
under challenging circumstances.

Loss of Training Opportunities

The foremost concern was the significant decrease in the operative experiences of
neurosurgery trainees. This was primarily due to the cancellation or postponement
of elective procedures in most, if not all, neurosurgical centers, as described above.
Several other factors contributed to the steep decline in surgeon logs. For instance,
in Singapore and the UK, a senior surgeon was assigned to perform procedures that
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would have ordinarily been given to a junior trainee [36, 37]. Doing so reduced the
number of people inside the operating room to limit virus exposure risk but also
minimized operating time and presumably lowered the risk of perioperative compli-
cations during a period when hospital resources such as ICU beds and mechanical
ventilators were being conserved for COVID-19 services. Thus, it was more chal-
lenging for trainees to gain autonomy and practice skills that were at or above
their level.

There had also been a reported decline in neurosurgery consults. In the case of
neurotrauma, this had been attributed to restricted mobility from mandated lock-
downs and quarantines. In developing countries, limited transportation had ham-
pered the ability of patients to reach medical care. Patients had also delayed seeking
medical opinion, even for urgent neurosurgical conditions such as aneurysmal sub-
arachnoid hemorrhage. The closure of outpatient clinics and reduction of staff dur-
ing ward rounds and other patient care activities also meant that opportunities to
sharpen clinical skills essential for decision-making had likewise been markedly
reduced.

More often than not, trainees had to be withdrawn from their elective and research
rotations. Neurosurgery trainees have also been redeployed to areas of need during
the peak of the pandemic in their respective countries. Among 192 neurosurgery
trainees in Italy, 30% were directly involved in the clinical management of
COVID-19 patients [31]. Between 17% and 54% of trainees in Indonesia, Malaysia,
the Philippines, Singapore, and Thailand reported working in COVID wards or
ICUs and acute respiratory infection clinics [33].

Because of lack of hands-on experience during this period, a significant propor-
tion of trainees around the world were worried that the pandemic would have a
negative impact on their training overall: about one-third of trainees surveyed in
North America [34] and as high as 74% of those in Southeast Asia [33]. In a highly
technical specialty such as neurosurgery, it is essential that this concern is addressed
and measures are taken to ensure that training programs continue to produce highly
skilled and competent neurosurgeons.

Adaptations Under Fire

In centers where trainees are unable to meet requirements in cases numbers set by
their respective neurosurgery boards or councils, the length of the training may have
to be extended to compensate for the surgical volume loss. Other strategies included
increasing the exposure of the trainees to private cases performed by consultants,
increasing the surgical capacity of designated non-COVID hospitals, and subse-
quently diverting elective neurosurgical procedures to these centers.

To maintain and develop surgical skills among trainees, neurosurgery depart-
ments have developed pandemic curricula, usually consisting of online didactics
with practical, hands-on exercises on microsurgery and microanastomosis using
tabletop microscopes or, when available, in dedicated simulation laboratories. Plans
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to develop realistic surgical simulators accelerated (e.g., https://upsurgeon.com),
including the utilization of virtual and augmented reality [38, 39]. Face-to-face
departmental teaching activities such as grand rounds, morbidity and mortality con-
ferences, and subspecialty meetings were easily transitioned to the online environ-
ment using various meeting software and applications. In fact, many groups have
reported an improvement in attendance during these interdisciplinary discussions,
likely because of the decrease in clinical workload and ease of joining these activi-
ties, even at home. Trainees had to rapidly acquire communication and evaluation
skills required for telemedicine, traditionally not taught in most training programs.
Although less than ideal for getting a comprehensive clinical evaluation of patients,
this replaced the learning experience from outpatient consults and follow-ups, for
both trainees and medical students aspiring to get into neurosurgery.

While the pandemic introduced an abrupt barrier and negative effect on the abil-
ity to train neurosurgeons, especially in LMICs, the increased use of social media
and virtual platforms is markedly improving the interactions between institutions
for shared learning between neurosurgeons at an international scale. Neurosurgical
societies and organizations worldwide regularly conducted online webinars on myr-
iad topics, often focusing on clinical evaluation of neurosurgical diseases and pearls
and pitfalls of neurosurgical approaches. Although the advantages of these online
learning experiences are many, these have to be weighed against “Zoom fatigue,”
wherein long hours spent in front of a screen may lead to decreased attention span
and, ultimately, loss of interest in these educational activities.

Other Concerns of Trainees

Lack of adequate personal protective equipment was a concern for many trainees,
especially in areas hardest hit by the pandemic early on [31, 33]. This was crucial,
not just for trainees redeployed to COVID-19 units of their hospitals but also for
those who had to perform emergency neurosurgical procedures on confirmed
COVID-19 patients. Testing was likewise an issue, especially at the start when
RT-PCR was not readily available in most centers and the turnaround time for tests
took several days. Because of these issues, many trainees were understandably wor-
ried about their personal safety and that of their families. In a global survey of
neurosurgery trainees, 90% said that the pandemic had affected their mental
health [32].

A delay in career advancement is looming for many neurosurgical trainees
around the world. In the USA, the Accreditation Council for Graduate Medical
Education (ACGME) published multiple policies to address questions regarding
how the pandemic impacted training. Ultimately, the determination of whether or
not a resident or fellow can graduate as previously scheduled is the responsibility of
the program director with case review by the Clinical Competency Committee [40].
The American Board of Neurological Surgery has postponed both primary and oral
examinations. Similarly, in the Philippines, the Philippine Board of Neurological
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Surgery has decided not to allow final-year residents to sit their exams. Because of
travel, work, and visa restrictions, many trainees — especially in low- and middle-
income countries — are concerned about international fellowship positions or
observership slots that they have previously applied for or have already secured.

COVID-19’s Impact on Neurosurgery Research

The COVID-19 pandemic has differentially impacted scientists and researchers
around the world [41]. When cases began to rise in different countries, it became
necessary for academic and research institutions to reduce activity in their physical
laboratories to a minimum. By conducting only essential experiments and opera-
tions, the risk of COVID-19 transmission among laboratory personnel was miti-
gated, and the need for PPE in these less critical areas similarly reduced. As a direct
consequence of the pandemic, health researchers anticipated a decline in patient
recruitment for ongoing trials, difficulty in procuring needed equipment and sup-
plies, and subsequent delays in project completion and publication [42]. Studies that
had the potential to have an impact on the prevention, diagnosis, and treatment of
COVID-19 were prioritized. Others were postponed indefinitely, potentially delay-
ing scientific productivity [38, 43]. Ultimately, those rooted in basic sciences (e.g.,
biochemistry, biology, chemistry, and chemical engineering) had a greater reduction
in research time compared with their colleagues whose work were less dependent
on physical laboratories and experiments (e.g., mathematics, statistics, computer
science, and economics). In contrast, the reduction in clinical volume provided
additional time for research that was able to be conducted remotely, such as out-
comes, computational, and health science research. Furthermore, it has sparked an
unprecedented rate of transnational collaboration on research. The short- and long-
term implications of this are discussed herein.

In a global survey conducted in March 2020, out of 187 neurosurgeons, 27%
reported cessation of research [44]. Women and those with young children were
disproportionately affected — likely because of increased responsibilities at home —
and the decline in publications authored by women has been documented [45].
Declines in research were more pronounced in low-income countries and those that
had a greater COVID-19 caseload; 36% of respondents said that their research
activities had decreased. In India, the researches of academic neurosurgeons were
more affected than that of neurosurgeons with nonteaching positions [46]. For many
neurosurgical trainees, time away from clinical responsibilities translated to more
time for research; they used this period to finish pending manuscripts or revise pre-
viously rejected submissions. Out of 192 trainees in Italy, 56% said that their pro-
duction of scientific manuscripts had increased [31]. In North America, 65% of
residents devoted more time to clinical research [34]. These figures are in contrast
to Southeast Asia, where 33-60% of residents in Indonesia, Malaysia, the
Philippines, and Singapore had a decrease in their research activities [33].
Neurosurgery residents in Thailand were least affected, with 54% saying that their
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research work proceeded on schedule. Furthermore, 20-47% of trainees in the
region reported that they would miss a research presentation at a neurosurgical con-
ference due to travel restrictions and cancellation of international meetings.
Consequently, during the spring of 2020, academic journals faced a massive surge
in COVID-related manuscripts submitted to and published in scientific journals
across major disciplines [47, 48]. For instance, from February to June 2020, the
Journal of Neurosurgery recorded a 55% increase in manuscript submissions com-
pared with the same time period in 2019 [49]. For Journal of Neurosurgery: Spine
and Journal of Neurosurgery: Pediatrics, the increases were 77% and 78%,
respectively.

Neurosurgical departments implemented several adaptations to maintain their
research activities. Whenever possible, researchers were advised to work on the
parts of their projects that could be accomplished at home, such as writing grant
applications, literature review, remote data extraction, and data analysis [50].
Academic work that did not require patient contact were encouraged. These included
conducting systematic reviews and meta-analyses, writing book chapters, and
developing simulation models. Journal clubs were converted to virtual meetings
[51]. Often, residents on their research rotation served as backup for those who
rendered inpatient care and performed essential neurosurgical operations [9]. When
faculty had concomitant research and clinical roles, they were only allowed to per-
form their research duties if they had no symptoms [52].

Other recommendations included streamlining related projects, dividing
researchers into cohorts, limiting people working in the same room, and frequently
decontaminating shared resources such as microscopes [50]. Over time, as scientists
became more aware of the mechanics of viral transmission, it became necessary to
renovate physical facilities to ensure adequate ventilation and social distance
between personnel, a complete turnaround from the coworking spaces that were
encouraged prior to the pandemic.

To accelerate the gathering of data and generation of recommendations in
COVID-related studies, many institutions revised their protocols to expedite
research processes, particularly those concerning ethics review by institutional
research boards. Collaborative work among departments, organizations, and institu-
tions were encouraged, facilitated by online networks. This was best exemplified by
the COVIDSurg study [53, 54]. By rapidly recruiting international collaborators,
the investigators were able to analyze the 30-day mortality and pulmonary compli-
cation rates of over 1100 patients with COVID-19 from 24 countries, concluding
that the threshold for surgery in this group of patients must be raised, especially
among the elderly.

To cope with the surge in manuscript submissions, major journals have had to
make adaptations in their editorial and peer-review processes [48, 49]. In journals
with limited human and technical resources, authors have had to contend with longer
turnaround times. While there was a great need to disseminate evidence rapidly, there
remained a strong responsibility to critically examine submissions for methodological
flaws or scientific misconduct, especially those that had a potential impact on treat-
ment algorithms and public health policies. In JAMA, readers were allowed to leave
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online comments on COVID-related content to obtain immediate feedback instead of
relying on traditional letters to the editor [48]. Social media networks such as Twitter
were also instrumental in swift dissemination of study findings and getting real-time
peer review from the greater scientific community. More significantly, the majority of
scientific journals published their COVID-related articles open access. Among the
neurosurgery journals, the Journal of Neurosurgery released a special issue that tack-
led COVID-19 and its impact on all aspects of neurosurgery, while Neurosurgery,
World Neurosurgery, Acta Neurochirurgica, and British Journal of Neurosurgery
have all expedited the publication of experiences of neurosurgeons, trainees, and neu-
rosurgical departments from around the world, as they grappled and coped with the
COVID-19 situation in their respective countries. These articles highlighted strengths
and best practices to continue providing essential neurosurgical care in both high-
income and developing countries. Neurosurgical Focus put out a call for papers on
preparedness and guidelines for neurosurgical practice during a pandemic, and the
special issue is expected to be published in December 2020.

Conclusion

The COVID-19 pandemic rapidly swept the globe in 2020 and placed an unprece-
dented strain on healthcare systems around the world. At the time this chapter is being
written, the full impact of the pandemic on global neurosurgery research remains
unknown. However, we do know that it has both caused negative and positive change.
COVID adaptations decreased case volume and interrupted training in the short term
but also guided neurosurgeons to reflect on protocols for case prioritization, work-
force redistribution, pre- and intraoperative safety, telemedicine, and more. Regarding
research, it interrupted many in-person basic science experiments but also introduced
new ways of carrying out global partnerships for big data collection, such as
COVIDSurg. Journals have seen surges in manuscript submissions during this time
and reformatted their processes to allow for more rapid publication. Education has
transformed into more broad access of shared information with online webinars and
live operation teaching sessions. Overall, the time span of the virus as an acute threat
for humanity is unclear, but we as a neurosurgical community should continue analyz-
ing the positive changes which have manifested in 2020 as we prepare together for a
second wave, another pandemic, or simply negotiating our “new normal.”
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